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ABSTRACT

THE USE OF MICROCOMPUTERS IN THE TEACHING OF MATHEMATICS
IN FLJI

by
FERET! SERU DEWA

C.AME.T.
(Centre for Advancement of Mathematical Education in Technology)

Loughborough University of Technology

At the end of 1983 the Ministry of Education in Fiji informed schools that

computers would be introduced in 1984. In February 1984 some selected schools

received the first microcomputers,

At a Conference on Computers in the Classroom, held in August 1984 at the

University of the South Pacific, the Head of Mathematics at a senior secondary

school said, in a paper presented at the conference:

'while there may have been some pre-planhing at headquarters level it

seems that no arrangement was made with individual schools.....

Amongst the problems highlighted in the paper by the Head of Mathematics was:
‘the difficulty in deciding on a suitable type programme to offer to the
students...’ |

This thesis primar'ily concerns the application of microcomputers in teaching

mathematics in Fiji. The author’s experience shows that teachers in Fiji are

aware of the need to respond to the microcomputer technology but this response

is restricted due to the almost total lack of staif with even a basic knowledge

of computers. Before any significant progress can be made in specific areas such

as mathematical education the problem of teacher training needs to be addressed.

Mathematics can make contributions in all areas and levels of education. Many




areas of the curriculum involve mathematics. A developing country like Fiji

needs to consider priorities alongside applications when these concern new
technologies such as computers.

The assumption that computers enhance mathematics learning is made and the
thesis investigates ways of implementing the technology in mathematics teaching
as practised in Fiji. Due to the political situation in Fiji the investigation

reIi‘es on the author's experience during the pre-military coup of 1987 there,

and on consultations with some U.K. professionals particularly at Loughborough

University of Technology.

To address the demand for ariginality in a thesis, the problem of converting
computer programs from one brand of hardware to another is discussed in detail.
This exercise is important for developing nations like Fiji to avoid re~

inventing the wheel in writing programs from scratch and wasting valuable
resources. Textbdoks written and intended for schools outside Fiji have been

used successtully in education in Fiji in the past. There is no cbvious reason

why computer programs cannot be imported as well. These need to be converted to
run on machines that are available locally and the thesis will analyse the

conversion of BBC microcomputer software to run on an Atari ST microcomputer.
Models of mathematics lessons are discussed and recommendations and strategies
- for implementatioh of microcomputers in the teaching of mathematics in Fiji are

put forward.

KEY WORDS: Fiji education; Mathematics Teaching; Developing nations;

Microcomputer_s in Mathematics; Computer Program Conversion;

Computer Enhanced Learning.
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CHAPTER 1

1 FlJI, A BACKGROUND TO THE INVESTIGATION: An Introduction
For those not familiar with Fiji, this chapter provides some background
information on the island group. It discusses the geograbhy and history of the
group as well as the political development and manpower needs of Fiji. Of
importance is the location of Fiji in relation to other nations of the

developing South Pacific region. The physical location is réflected in the
contributions that Fiji is making to the development of the South Pacific region

as a whole.

In certain tables given i_n the chapter totals may not tally due to rounding

errors.

1.1 Geographical

Fiji comprises several islands; the exact number is not known due to the

differing definitions of an island and furthermore it varies between high tide

and low tide. The number officially quoted lies between three hundred and eight
hundred. The islands themselves are of varying geological structures covering
some seven thousand square miles. Approximately onerhundred are permanently
populated and the rest are used for planting, temporary residence and leisure

activities.

The islands lie just west of the 180th meridian of longitude and approximately
one thousand miles north of New Zealand. They are cenirally placed among the
South Pacific Island territories and act as a gateway to the South Pacific

region. They also lie on the main sea and air routes between Australia and New

Zealand to the west and the United States of America and Canada to the east.




Two main islands dominate the group:
1 Viti Levu - the largest island in the group (about 5000 square miles)
comprises approximately three lifths of the total land area and supports
about three quarters of the total population of Fiji. Suva, the capital of
the group, is located in the south east carner of this istand and Nadj,
with an international airport, is on the Western side.
2 Vanua Levu, the second most important island of the group, has an area of
just over 2000 square miles, a little less tha_n half the size of Viti Levu.
Compared with the vast surrounding expanse of the Pacific ocean or even with the

two main islands the other islands of the Fiji group are very small.

The marine environment has had a strong influence on the development of Fiji and
will continue to do so in the future. But like many island communities in the

South Pacific, Fiji sufters from the predominant physical disadvantages of

distance and relative isolation from major population centres as weli as from

from other similar communities in the South West Pacific region. Even internal
communications are very difficult due to the islands’ varied geological

structures of high peaks and dead volcances towering over green valleys.

Climatic Conditions

The friendly climatic conditions prevailing in the Fiji group of istands have had

a marked influence on the way of life and the development of the group.

A prevailing south easterly trade wind produces a marked difference in rainfall
between the eastern side of the main island of Viti Levu and the western side.
This gives rise to two regions the east/south and the narth/west, each with its
own distinct characteristics. The north/west has an abundance of sunshine and
supports the country’s most important export commadity, sugar. The very much
wetter east/south is covered in thick vegetation. The rainy season in Fiji is

from December to March but, the difference between the wet east/south and the



dry north/west is very marked during the rest of the year. Temperatures vary
between 70°F and 80°F (approximately 21°C - 27°C), the hottest time of the year

being during November and December.

1.2 Historical Background

It is said that the Polynesians and the Melanesians, two of the three racial

gr'oups in the Pacific, came from Western Asia as a resulf of population movement
which spread from Western Asia to Malaya in East Asia and Indonesia. From there
it épread to the islands in the Pacific as far north as Hawaii, south to New

Zealand, and east to Easter Island.

Another theory, by a Nofwegian called Thor Heydhal, supports the Kontiki
expedition, which trfed to show that the Polynesians came from South America.
Recent evidence seems to discredit this theory. The background of the Melanesian
people to which the indigenous Fijian race belongs is uncertain. Fijian legends

and folklore tell of many difterent origins.

Abel Tasman, a early Dutch explorer, sighted the islands in 1643 and Captain
James Cook of the British Royal Navy landed on one of the islands in 1774.
Captain Bligh of Mutiny of the Bounty fame charted thirty nine of the islands

when adrift in his little boat after the mutiny. On his return to the islands in

1792 on HMS Providence, Bligh laid claim to the islands which became known as
the Bligh islands. Later as a result ot the country being rich in sandalwood (a

much sought after wood), came the British beachcombers, traders and missicnaries

who produced the first writlen language and were the first white settlers.

Tribal disputes and prohlems with the settlers eventually forced some of the

tribal chiets to seek protection within the British Empire. This was achieved by

handing power over the islands to Great Britain on condition that Great Britain

paid compensation demanded by the Americans for damage suffered by some American

trading posts. In 1874 a Deed of Cession was signed making Fiji a British Crown




Colony and a member of the then British Empire. [t continued so until, in 1970,
Fiji became an Independent Dominion member of the Commonwealth and remained so

until the Military Coup of May 1987 when Fiji was declared a Republic.

Political_ Development

British colonialism in Fiji was by the invitation of the indigenous Fijians.
Prev_ious to the Deed of Cession of 1874 local conflicts between warring chiefs
were seen as an attempt to establish some sort of order to tribal differences

and to try and control activities practised by the white settlers.

-

The introduction of firearms helped the rise of Cakobau, one of many tribal
chiefs, as leader of the Fijian people in the early 1870's. Cakobau's dominance
of the whole of Fiji has been challenged in modern times, but it was he who
established the first 'independent government' of Fiji. It has been claimed that
European setllers at the time encouraged the recognition of Cakobau as King of
Fiji, without any consultation with other equally important tribal chiefs, to

bring about some form of order and government. This lasted two years, but
continuous unrest and ftribal rivalries and pressures brought about by the

American demands for compensation then led to the Deed of Cession of 1874.

The new British colonial government experienced many difficulties. Finances were
scarce and an epidemic of measles nearly wiped out the Fijian population.

The first one hundred thousand pounds of much subsequent British financial aid
provided temporary relief. Attempts were made by the British colonial governrﬁent

in 1883 and 1885 to change the form of government by federation with New Zealand
and/or Australia but both failed. Further attempts for formal association with

New Zealand, made at the turn of the century, did not succeed but resulted in

the granting, in 1304, to Europeans on the islands of an elected representative

in the Legislative Council. The same privilege was granted to indentured indian




labourers in 1929. The Indians were brought in after cession as indentured
labourers by Europeans who regarded the operation of a sugar plantation economy
as a solution to the need for economic developrhent. Waomen were allowed to
accompany the indentured iabourers from India in order to avoid undesirable

~ social effects associated with the grouping together of iarge numbers of males.
To provide security for those who did not want to return to india, the

indentured labourers were allowed to settle in Fiji at the end of their

contracts. This has led over the years to an unfortunate fragmentation and
compartmentalisation of thé econamic and social life of Fiji's two main races,
the native indigenous Fijians and the descendants of Indian indentured
labourers. Had indentured fabourers not been encouraged to settle in Fiji, some

problems prevalent today in the country might have been avoided.

On October 10th 1970, after more than ninety years of British colonial rule,

Fiji became an independent nation and a member of the Commonwealth of Nations.
This was seen as a natural stage of the normal evolution of constitutional and
political progression in Fiji with'out any pressure on the colonial ruler as

characterised by decolonisation in other parts of the world.

For seventeen years since independence in 1970, Fiji's political scene has been
dominated by two political parties.
1 The Alliance Party, which is seen as a party for ethnic Fijians, has been
in office for the seventeen years since independence.
2 Providing a_capable opposition is the National Federation Party (NFP),

backed mainly by the descendants of Indian indentured labourers.

A further political development in Fiji saw the emergence of the Labour Party in
the early eighties. The Labour Party was initially a coalition of the two major
races in Fiji who were opposed to the two racially biased political parties,

the Alliance Party and the National Federation Party. The general election of




1987 voted the new Labour Party, who had by now formed a new coalition with the
National Federation Party, into office. The Alliance Party who had not

considered the possibility of being out of office had lost the election.

tn contrast to the peaceful decolonisation process of 1970, which transtormed

Fiji from a British Crown Colony o an Independent State of the Commonwéalth, a

bloadless military coup overthrew the newly elected Labour government after the

- 1987 election an__d declared Fiji a Republic in May of the same year.

TABLE 1.1

POPULATION & LABQUR FORCE TRENDS, 1956-80
{in thousands)

1956 1966 1876 1980
Pop 345 477 588 638
14+ 186  254.3 346.1 390.8
M 97.9 1297 1740 1954
F 88.9 1246 1721 1954
LF 93.3 1258 1758 2050
LFPR  500% 495% 50.8% 525%
HD 79.7 1064 1182 1235
Tot 1730 2322 2940 3285
LFPR including HD

92.7% 913% 86.0% 84.1%

Note: Pop = fotal population, M = male,
14+ = 14yrs and over, LF =l{abour force,

F = female, HD = Home Duties,

LFPR = Iabour force participation rate.

(Source Fiji's DP8,1981-85)



1.3 . Population and Labour Force

Population growth in Fiji is more than sufficient to cater for future manpower
needs in most categories of the labour market. It is the higher level of skilled
workers that are not always easily available. To successfully meet manpower

needs when required, education and training play an important role.

Table 1.1 shows the trend in population and Iabm;sr force from 1956 to 1980 in
thousands except for LFPR which are in percentages.

The number of 14+ represents those available for work, e.g. 186,000 in 1956.
This number is made up of 97,900 males and 88,900 females. The numbers under LF
(labour force) indicate the number employed, 93,300 in 1956, and this is 50% of
186,000, the total available for work. Those'emptoyed in domestic duties are not
included in these figures. Home duties, which include domestic duties1, for 1956
accounted for 79,700, and this raised the total LFPR to 92.7% for the year 1856.
Population growth rate has remained relatively static at 2.1% since .1988 but a
decline to 1.5% per annum is expected by the end of ihe century. The labour
force (population over 14 years old) growth rate is faster then the popuiation
growth rate but is expected to decline when the fertility reductions of the

1860’s begin to show an effect.

The growth rate of home duties, normally carried out by women,shows a decline,
possibly due to the changing atlitude to the role of women in society. The

change in attitude has given the women more freedom, and opportunities to pursue
further education resulting in a widér scope of job opporiunities. The author

sees this as a cause for the lack of child control in Fijian society, which

accepted the role of women as that of child minding. With further education

1Home Duties represent women that do housework for their families and
domestic duties are those that do housework for others and get
paid.




women have moved out of the home to seek employment elsewhere thus depriving

young pre-school children of care and attention. The plight of pre-scheol
children is a major problem in Fiji, and results in an ever increasing incidence
of juvenile crime. in providing employment opportunities for women the
government has failed to cater for the young pre-school population that depend

on the women.

The presence of expatriates in the country also contributes to mor.e women being
employed in domestic duties, but as the number of expatriates tends to decrease
there becomes a shortage of work for women in the homes of the well-to-do
expatriates. The decline in total labour force participation rate (LFPR + HDj is
due fo the reduction in home duties participation by women and also to the rise

in the number of 14 year olds and over, staying on at school.




TABLE 1.2
OCCUPATIONAL STRUCTURE OF LABOUR FORCE, 1966-80

1966 1976 1980  1976-80 increase

PT 8.3 12.6 | 150 24
M NA 1.7 1.9 02
CSSW NA 321 385 44
AGR 668 764 890 126
PCO NA 330 414 84
ou NA 200 212 1.2
HD 1064 {182 1235 53
‘Total 2322 2940 3285 345
Note:
PT = professionalftechnical, M = managerial,
| CSSW = clerical/sales/service workers, AGR = agricultural,
PCO = production/constructionfoperators,
OU = othersfunskilled, HD = home duties
(Source DP8, 1981-85)

Table 1.2 shows the breakdown of the labour force from 1966 to 1980.
Professional and Technical workers show a high growth rate since 1966.

The growth rate increase of agricultural workers since 1976 is due to the
expansion in the sugar industry.

Calculations of labour force by occupation are based on estimates of the growth
of industries since the 1976 census and are generally consistent as shown in

Table 1.1 and in the estimated training output shown in Table 1.3.




TABLE 1.3
TRAINING OUTPUT BY LEVEL, 1976-80
Level 1976 1977 1978 1979  Totals
Prof 91 104 115 125 435
S/Prot 415 436 455 480 1786
Tr/Clr 2198 2328 2460 2591 9578
Form 386 School Leavers
| 8178 6475 6772 7068 25494
Note: Prof = Professional, S/Prof = Sub Professional,
Tr/Cl = Trade/Clerical.
(Source Fiji's DP8, 1981-85)

The increase in numbers of professional, techinical and managerial workers
between 1976 and 1980 is 2,600 as indicated in Table 1.2(15.0+19-126-
1.7 = 2.6 thousands).

The increase in the professidnai, technical and managerial work farce must be
due to people who completed their traipning during the period 1376-1879.

The total training output at the professional and sub-professional {evel during
this period (1976-1979) as shawn in Table 1.3is 435 + 1,786 = 2,221.

The increase in number‘ in employment at the professional and sub-professional
level, 2.6, is greater than the training output for the same period, 2.2.

The difference (2.6 - 2.2 = 0.4) shows the number of workers at this level who

are not trained for the posts they are holding or trained abroad.




TABLE 1.4
EDUCATIONAL QUALIFICATION STRUCTURE OF LABOUR FORCE

{in thousands)

Occupation ~ Education
1976 1880 1876-80
increase.

P S 7T P S T P S T
P 19 51 56 23 6.1 67 0410 11
M 04 08 04 04 098 04 00 01 DD
C 165 149 06 188 169 0.7 23 20 0.1
A 683 77 04 796 9.0 05 113 13 0.1
O 428 13.0 05 467 154 06 39 24 0.1
H 949 219 12 890 232 1.3 41 13 0]
TOTAL

2248 B34 87 246.8 715 10.2 220 8.1‘ 1.5
Note: Education |

P = primary education only or no education,

S = some secondary education,
T = some tertiary education,

Occupation
P = professionalftechnical, M = managerial,
A = agricultural, H = home duties,

C = clerical/sales/services
O = production/construction/operatorsf/unskilled

(Source Fiji's DP8, 1981-85)

Table 1.4 shows the educational structure ot the labour force during the period
1976-1980.
Qverall there is an increase in the number of workers with some form of

education at all levels. Workers with some tertiary education show an increase

of 1,500 while those with some secondafy education and primary education show an

increase of 8,100 and 22,000 respectively. The education development in Fiji

today has overtaken demands or it is misdirected. This fs shown by the number _




of school leavers with high academic qualifications, New Zealand School

Certificate and New Zealand University Entrance, who are without employment.
Some of them are averqualified for tasks that they are engagé‘d in. A review of

the role of education in Fiji is badly needed to ensure that prevalent demands

ol society in Fiji are catered for.

TABLE 1.5
OCCUFPATIONAL BREAKDOWN OF WORK PERMITS, 1980
Code Occupation "~ Number : % of Total
ISCO
01 Physical Scientists 13 0.7
02 Architects & Engineers 126 7.1
03 Surveyors, Draughtsmen,
Engineering Technicians S T 2.3
04 Aircraft & Ship's Officers . 88 2.0
05 Life Scientists 2 0.1
.06 Doctors - 27 1.5
‘07 Nurses /3 0.2
08 Statisticians, Mathematicians 8 O.&4
08 Economists ' 5. 0.2
11 Accountants 98- 5.5
12 Judges & Lawyers 3 0.2
13 Teachers 295 16.7
14 Religious Workers 158 8.9
15-19Journalists, Authors, Artists.
Other Professionals 55 3.1
2 Administrators, Managers Ly 21.1
3 Clerical Workers 15 0.8
4 Sales Workers 16 0.9
9 Service Workers 58 3.8
6 Agricultural Workers 48 2.7
718/SProduction, Construction,
Operators 150 8.5
0 gSub-total . : 1591 90.0
Not Classified 176 10.0
N tTOTAL WORK PERMITS 1767.0
ote:

ISCO = International Standard Classification of Occupations
(Source Fiji's DP8, 1981-85)

12




TABLE 1.6
EXPATRIATES IN SELECTED GOVERNMENT DEPTS, JULY 1880

Department T Number % of Total
Education - ; 145 | 31.7
Public Works | el 13.3
Agre. & Fisheries o 4% 9.4
Health oz 8.3
Civil Aviation : .19 . | 4.2
Judicial & Crown Law 17 3.7
TOTAL - 523 70.6

(Source Fiji's DP8, 1981-85)

1.4 Expatriates in the Labour Force
Expafriates in Fiji are brought in by the government for their expertise and
also as part of foreign aid. Those in private enterprise are there to look after
their investments. It is difficult for the local labour force to understand and
accept that developing countries like Fiji will need the eervices of expalriates
~for many years and this has caused disagreements. By the same token there are

expatriates who abuse their positions which make working towards a common goal

. f"-l',hd:fllcu[t to achieve. Nevertheless expalnales in Fiji have contributed

enormously to the country’s development

-"-‘-"‘Avallable figures show that 1,767 work permits were valld in May 1980

AR -f-;representlng O 8% ol the work lorce

Table 1.5’7 shows the oCcupalional breakdown of work permits.
. Work permil holders shown in Table 1.5 do not include those brought in‘ by the
govefnr_heht who work in the civil service. Table 1.6 shows a departmental

bfeakdown of‘323 of the 457 expatriates employed in the Civil Service in June

13




1978. There is no information available on the other 124 expatriates who are

employed in the private sector.

There is still scope fdr focalisation in Fiji but some occupations are, by their
very nature, e.g. temporary demand for a particular skill, too expensive to
localise. It is also desirable to have people with overseas experience work in
Fiii for the benefit 6f the local labour force who can upgrade their skills by
working alongside expatriates. Education towards satisfying Iocaf requiremehts.
which can be only be achieved by proper identification of focal needs, can
achieve localisation that will be beneficial. Education in Fiji has for a long

time been aimed at the creation of a consumer society which uses foreign and
imported ideas and products. It is time now to educate to ‘produce’ instead of

‘consume’.

1.5 Remarks

The chapter is an introduction to Fiji for those not familiar with the island
group. _

The mild and favourable weather conditions in Fiji. give rise to a land of plenty
which in turn is reflected in the attitude of the people. This is shown by the
generous nature of the Fijians and a sense of non-competitiveness. The
geographical location gives the people of Fiji an insular attitude making
progress, especially with technical innovations, difficult to accept. This is
made more complex by the use of Fiji, with its international airport, as a
gateway into the South Pacific region. Fiji is host to many South Pacific
regional organisations like the University of the South Pacific (USP) and the |
South Pacific Economic Commission (SPEC), hence it plays an important part in

influencing regional policies.

The introduction of new technologies should initiate hew concepts in the aims of

education. It provides an opportunity for the nation o review its educational




policies. Computers in education should give teachers and educators in Fiji the
chance to ask many questions about what they consider is their profession. The
| computer without .actuaHy being used in education can play an important role by
provoking disc'ussions and debates on the role of education in society, the role
of the teacher in education, the role of the computer in the class room and many
more aspects of education. SUch discussions and debates can do nothing but gocd

for education in general.

1.6 Author’s Background and Summary of Chapters

The author’s involvement with mathematics and edLlcation began in Fiji where he
received his primary and secondary education in the 50's. A nine year spell in

the British Army as a Radio Technician kept his interest in mathematics alive

and influenced him to take up teaching on completion of his army service. Having
graduated and obtained a teaching certificate, he later taught mathematics in
British secondary schools, Papua New Guinea High schools and Fiji secondary
schools. Then a one year spell as Computer Systems Analyst/Programmer with NCR
{(New Zealand) Ltd. installing systems in the South Pacific region was followed

by a lecturing post in mathematics at the University of the South Pacific (USP)

in 1980.

At the USP the author was able to combine his two interests, mathematics
education and computers in surroundings conducive to research. Public awareness

of computers in Fiji was just beginning and a study_ of computers in Fiji

education gained him an MA award from the USP in 1986. During this study the
author identified the problems inherent in the teaching of mathematics with the
use of computers in Fiji. it was recommended to him to approach Professor Bajpai
at CAMET with a proposal to investigate the topic and the Professor kindly

agreed to supervise and direct the research which is the subject of this thesis.




Chapters 2 and 3 examine the education system in Fiji and the implications of
computers. The‘y begin by analysing the education set-up prior to the 1980's.
From 1882 onwards education in Fiji went through some drastic changes and the
thesis takes a critical look at the events surrounding the introduction of

computers in education in 1984.

Chapter 4 offers a definition of computers that is applicable to education. It

traces the origin of computers and the various definitions given to it. The
misconception of what a computer is, and iis effects, are discussed and a

logical approach to a definition formulated. The chapter highlights the fact

that, in the discussion of computers, benefits in education can be derived

without access to computer hardware. The chapter concludes with a practical
description of a simple microcomputer system which could be used in the study of

computer mathematics.

Chapter 5 presents the various styles of computer software avaitable for

teaching and learning. The use of features unique to computers in software for
teaching is emphasised. The chapter also investigates the electronic spreadsheet
as an alternative mathematics software package. lis availability on almost all
brands of hardware and its application in commerce make it an attractive
proposition to developing countries. The power of the spreadsheet lies in its
mathematical functions which enable it to process numbers and algebraic

expressions.

Chapter 6 investigates the conversion of programs which are developed on one
particular brand of hardware to run on another. This exercise is considered as

an alternative to developing programs from scratch for countﬁes like Fiji which
cannot afford software development from scratch_. The conversion of a MIME Unit

program on Vectors from the BBC to the Atari ST microcomputer running under GFA
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Basic is given as an illustration and its possible adoption as a teaching

strategy in Fijian context is discussed.

Finally Chapter 7 summarises, makes recommendations and suggests areas for

further research.




CHAPTER 2

2 DEVELOPMENT OF EDUCATION IN FIJI SINCE THE 70’s
Originally education in Fiji was the responsibility of the elders who passed on
their own skills and knowledge to the younger generation by word of mouth and
demonstration. Formél education as we know it today was introduced by the
Europeans who needed new skills to service their needs. The first Europeans to
settle in Fiji, the missionaries, set up the first schools to teach native

Fijians to read and write and do arithmetic. These were skills needed to service
the requirements of the early European settlers. Demands have changed over the
years and educational policies have been reformutated to cope with the new
demands. The author feels that it is now time for a review of educational
objectives, which should reflect the present needs of the local population
instead of allowing foreign pressures to be the only influence over the

direction that education takes.

This chapter discusses the development of the education system which exists

today in Fiji, and comments on its value to the nation as a whole.

2.1 Aims of Education in Fiji

The broad aims of the educational system as outlined in Fiji's Development Plans

are:

(i) to provide a balanced programme of education for the full development

| of children as individuals in a changing society, taking into account

their abilities, interests and aptitudes

(i) todevelop Fiji's humén resources in such a way as to guide all
citizens towards satisfying, productive employment in accordance with
natural needs thereby accelerating economic development

(iii)  to encourage a greater sense of natural awareness, self-reliance and a
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pride in being a citizen of Fiji
(iv)  to promote the cultural identity and social advancement of Fiji and

its people amidst increasing contact with the outside world.
These aims though aimed at realising the potential of the Fijian people hai‘also
deprived the new generation of some of their cultural values in exchange " fiew

imported ones.

Seven Long Term Aims of Education in Fiji
Since independence in 1970 several Development Plans for Fiji have been designed
to cover five year periods. The Development Plan for 1970-1975 was the sixth
development plan for Fiji and is referred to here as DP6, 1970-75. Other
Development Plans are similarly referred to in this chapielr.The objectives of
DP6 were identified and adopted when Fiji gained her independence from Great
Britain in 1870.
Seven long term aims in education, originally set out in DPB, were retained in
DP7, 1976-80 and DP8, 1981-85. These were:
(i) to provide ten years of education for every child who wants it, ref.
Class 1 fo Form 4, Fig. 2.1
A further two years to be made available to those whose Form 4
performance indicates that they can cope with Form 5 and Form 6 work
(i)  to continue to improve the quality of the teacher training programme
(i)  to staff primary schools wholly by trained teachers and to achieve an
acceptable pupilfteacher ratio in schools
(iv)  to improve the quality of education through improved provision of
books and equipment as well as through curriculum revision
(v) to continue to expand the provision of fee free education in classes
1-6

(vi)  to continue to find ways and means of improving areas of education of

Fijians
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(vii)  to align technical and vocational education with manpower rgquifements
of the economy. |
In the author’s view these broad airhs are imprecise. There is a need to identify
and define more clearly the areas that are to be addressed, and to suggest how
the problems might be soilved. This will involve the need for better and more
caretful planning, with people from many backgrounds and with knowledge of the
Fijian way of life making an input. The value of considering comments and views
from a wide selection of the population cannot be overemphasised, and is

something not previously encountered in Fiji.

2.2 Educational Agencies

The early educational needs were satisfied by the village community. Native
Fijians were trained in the art of fishing and hunting and leisure

activities. These traditional demands were totally different from those required
by the early European settlers who needed bookeepers and clerical staif to man
their businesses. The European settlers realised that it was cheaper to teach
the native Fijians to read, write and do arithmetic than to bring in a trained
person from abroad. In addition the missionaries taught native Fijians to read

so they could read the Bible. Thus the first formal school to be opened in Fiji
was intended to help the early seltlers to operate their businesses. It was

mainly funded by the traders with a government subsidy.

Over the years many agencies, such as the church, recognising the need for the
local population to equip themselves with skills required to meet new demands,

have set up educational institutions to aid government educational programmes.

TABLE 2.1 is a list of educational agencies operating in Fiji in 1970.
In addition to those listed in this table there were 59 kindergartens, mostly

privately run.
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Note:

TABLE 2.1

EDUCATIONAL AGENCIES, 1970

Government

Committee

Catholic Church

Methodist Church

7th Day Adventist Mission
Diocese of Polynesia

Marist Brothers

Assemblies of God Mission
Sisters of St Joseph De Cluny
Brethren  Assemblies

Latter Day Saints

Civil Aviation Administration
South Pacific Sugar Mills
Emperor Gold Mining Co Ltd
Fijian Affairs Board
Medical  Department

Social Welfare Dept

Land Development Authority
Crippled Children’s Society
Private

Young Women’s Christian Assoc

TOTAL
A = primary school B =
C = vocational training D =

(Source Fiji Annual Report 1970)

A B c
26 6 4
500 37 2
32 5 1
19 7 3
11 2 -
5 i,
2 1 -
2 1 -
- 1 _
2 1 -
1 - _
1 - 1
5 - -
1 i, -
1 1 -
5 i} _
1 i, -
1 i, -
9 i} _
4 - 9
- - 2

616 62 22

secondary school
teacher tralning
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2.3 Structure of the Education System in Fiji
FIGURE 2.1 shows the structure of the education system in Fiji.
Formal schooling starts at the age of six at Primary level, though there are

voluntary organisations running kindergartens for the under sixes. Primary

|
|
|
|
|
|
|
i
schooling ends at Class 8 {(Farm 2) when some primary schools insist on students
taking an examination before being allowed to continue into Form 3 of a ‘
secondary school. There is a move towards ending primary schooling at Class 6

and beginning Secondary Education at Form 1(Class 7). This is effectively a

change from an Eight Year Primary/Four Year Secondary education programme to a

Six Year Primary/Six Year Secondary education programme. |
At the end of Form 4 in the secondary school pupils sit the Fiji Junior
Certificate examination as an entry qualification for Form 5. To continue into
Form 6, a pass in the New Zealand School Certificate at the end of Form 5is a |
pre-requisite. Students may sit the New Zealand University Entrance examination

at the end of Form 6.

makes attendance at primary school compulsory,while that at secondary school is

voluntary and dependent on the ability to pay.

|
It is government policy to provide fee free primary education. This in efiect . ‘
Post Secondary Education

Further education in Fiji is available at:

The University of the South Pacific (USP)
The Fiji Institute of Technology (FIT)

The Fiji Schodl of Medicine (FSM)

The Fiji College of Agriculture (FCA)

The Lautoka Teachers College (LTC)

The Corpus Christi Teachers College (CCTC)

The Pacific Theological College (PTC).
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Non-formal Education Programmes are offered by:
The Fiji National Training Councit (FNTC)
Urban and Rural Youth Training Programmes
Muilticraft Centres

Community Education Volunteer Youth Organisations.

Primary School Education

Great progress has been made in making education accessible to all, especially
at the primary lével. Table 2.2 shows the enrolmeht figures of various age
groups within the 6-16 age band, and gives these as a percentage of the total
population in the resp‘ectiv'e groups.

For primary educration, Classes 1-6 /Ages B-11, this shows an attendance level of
98% .

The post primary figures, Class 7(or Form 1) to Form S/Ages 12-16, indicate that

approximately 28% of the population in each year are not receiving schooling.

2.3.1 Teacher Training

Primary School Teacher Training

Nasinu Training College used to offér pre-service training for primary school
teachers. Lautoka Teacher Training College (LTTC), which opened in 1877,
boosted pre-service training, and at the same time offered intensive in-service
training for primary teachers. Pre-service training is also available at the

Catholic Church maintained Corpus Christi Teacher Training College (CCTTC), and |
at the Seventh Day Adventist College at Fulton Mission (SDATTC).




TABLE 2.2

PRIMARY SCHOOL ENROLMENT AS A PROPORTION OF POPULATION

{1000)
AGE 1975 1976 1977 1978 1979
6-11 :
Enrolment 94.6 93.9 92.9 91.7 91.9
Population 96.4 95.0 94.3 94.1 93.8
% Enrolled 98.1%  98.8%  98.5%  97.4%  98.0%
12-13
Enrolment 29.0 29.3 29.9 29.5 29.5
Population  32.7 33.7 33.6 32.6 32.4
% Enrolled 88.7% 87.0% 89.0% 90.5% 91.0%
14-16
Enrolment 26.9 28.4 29.1 29.0 29.4
Population 45.9 47.4 48.1 50.0 49.9
% Enrolled 58.6% 59.9% 60.5% 58.0% 58.9%
TOTAL
6-16
Enrolment  150.5 151.6 151.9 150.2 150.8
Population 175.0 176.1 176.0 176.7 176.1
% Enrolled 86.0% 86.1% 86.3%  85.0% 85.6%

(Source FIJI's DP8)




TABLE 2.3

PROGRESS IN PRIMARY TEACHER TRAINING 196%9-1979

YEAR IT uT TOT 5T PT PTR
1969 2251 620 2871 78.4% 34.5 44 .0
1970 2828 889 3717 76.1% 32.7 42.9
1974 3345 884 4229 79.1% 31.9 40.4
1975 3544 730 4274 82.9% 31.6 38.1
1976 3583 524 4107 87.2% 32.5 37.3
1977 3685 524 4209 87.6% 31.5 35.9
1978 4196 239 4435 %94.6% 29.6 31.3
1979 4260 140 4400 96.8% 29.4 30.4

Note:TT = trained teachers, UT = untrained teachers
TOT = total teachers, T = % trained
PT = pupil to teacher(trained+untrained) ratio
PTR = pupil to teacher{(trained) ratio

(Source Fiji’s DP7 & DP8)

TABLE 2.3 shows the progress of primary teacher training for the period 1969-79.
The last column shows the ratio of pupil to trained teachers.

The last but one column shows the ratio of pupil to the total(trained and
untrained) number of teachers. There is clearly an improvement over the years
in the pupil to trained teacher ratio. Progress was slow in the early 70's

because of the growth in the number of primary schools at that time. Also any
eftect of increased teacher training takes time to show.

As enrolment at teacher training institutions increases and primary school
expansion slows down, improvements in the ratio of pupi to trained teachers
will result.

Available figures show an increase in primary school teacher training enrolment

from 335 in 1969 to 506 in 1974. This represented an annual average increase of




8.6% In primary school teacher training enrolment as against an increase of 3.1%
in primary school pupil enrolment for the same period. This improvement in the
pupil to teacher ratio in the primary sector may have been the reason why the
government decided to close Nasinu Teachers College in 1884,

The reduced number of untrained teachers in the primary sector has led to an
improvement in the quality of education in primary schools. The raising of the
entry qualification into primary teacher training to the School Certificate

Level has also contributed to the improvement in quality of primary school

education.

Secondary School Teacher Training
The University of the South Pacific provided two pre-service courses for

teachers before the education reforms of the 80's:

(i) a 3-year Diploma in Education for teachers of lower secondary forms
(1-4). in 1970 there were 46 first year students and 23 second year
students

(i) ad-year B.A. or B.Sc. degree course with a concurrent graduate

Certificate in Education. There were 37 undergraduates in 1970.

A major development in this direction was the introduétion of a Bachelor of
Education Course in 1975 by the University of the South Pacific as a measure
towards improving the quality of secondary school teachers. However in the early
1980’s government support for secondary school teacher trainees at this
University was withdrawn, and this effectively put a halt to pre-service teacher
training at the seco’ndary school level. The withdrawal of government support for
trainee teachers is discussed later in section 2.4.2 on reforms.

In-service certificate courses continue to be offered by the University of the

South Pacific in:
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Post Graduate Certificate in Education

In-Service Certificate in Education

In-Service Diploma in Education Certificate in Teaching English as a
Second Language

Diploma in Guidance and Counselli_ng

Vocational Teacher's Certificate

Certificate in Curriculum Studies

The Diploma in Educational Administration.

Because of the withdrawal of government support for teacher trainees at the
University, the University stopped offering the Diploma in Education course

after 1984.

Kindergartens
The government encourages privately run kindergartens by supplying advisors and

2.3.2 Pre-School and Special Education _
running courses for kindergarten teachers. In addition the government regulates

the setting up of kindergartens to ensure proper facilities are provided and

trained people are employed.
Women's interests groups like the Young Women’s Christian Association (YWCA) are

involved in providing kindergartens, reflecting the attitude existing in Fiji

that child minding is women's work. i is also an indication that the women in
Fiji have attained a certain level of education and are capable of other

employment, and the kindergarten provides somewhere for young children to go,

while mothers go to work.

Special Education
Due to improvement in the medical services more handicapped children are
surviving to maturity. At the same time there is an awareness among parents that

handicapped children can and should be freated, instead of being isolated at




home and becoming social outcasts. The task of providing for the handicapped is
mainly left to private organisations. The government contributes:

@) to the supply and pay of trained teachers

(i) inthe provision of supervisory staff

(i} assistance in the payment of fees

(iv)  assistance in the provision of specialist facilities.

2.3.3 Technical and Vocational Education
Secondary school leavers with at least a Fiji Junior School Certificate, taken

at the end of Form 4, are eligible for these technical and vocational courses.

Fiji Institute of Technology (FIT)
Trade and technician level courses are offered at the Institute. The Institute
also plays a part in training teachers of practical subjects for the Multi-craft

Centres which are located in some secondary schools.

Ba Technical Centre
This was designed to meet the technical training needs of the Western Division

of Fiji. Another centre is planned to meet the demands of the Northern Division.

School of Maritime Studies
Fiji's geographical location and attributes give her a special interest in

marine technology. The school is an attempt to meet the demands for the

expertise required 1o fully utilise the marine resources available in Fiji's

environment.

Multi-craft Centres
To enable more secondary students to experience various craft disciplines and to
make craft facilities available to out-of-school youths and adults during out-

of-school hours, craft centres were set up. These centres were established in:




(i) existing secondary schools by expanding the industrial arts and home
economics facilities,thus enabling instruction in a wider selection of |
subjects and activities

(iiy  areas where they can serve groups of villages or groups of

neighbouring .secondary schoaols.

Agro-Technical Education

The importance of agriculture to Fiji has long been recognised by the
government. Land utilisation for maximum benefit is encouraged in all sectors
of the community.

Various schools offer agricultural programmes such as:

()  gardening programme for schools

(i)  gardening programme for Forms 1 and 2

(ii}  agriculture (crop and animal husbandry) for Forms 3 & 4.

The Fiji School of Agriculture, situated at Koronivia outside the capital Suva,
trains agricultural officers who are employed by government, and also by the

Fiji Development Bank, which finances most agricultural ventures in the country.
The University ot the South Pacific also provides training in agriculture at its

School of Agriculture located at the Apia Campus on Western Samoa.

2.3.4  Curriculum Development

The old system of education in Fiji, as experienced by the author, selected and
moulded a small group of academically inclined students, using a programme of
increasingly difficult examinations. A large proportion of pupils fell by the

wayside and were not catered for. The new objectives in curriculum development
aifn at providing an appropriate and relevant form of education and training,
whether formal or non-formal, for every individual. Every individual has

potential, and education should bring this potential to the fore, enabling him




to contribute towards the betterment of society.

Specifically, curriculum revision and development in Fiji aim to:

(i) complete the change from eight years primary/four years secondary
school programme to the six years primary/six years secondary
programme

(i)  match an integrated primary curriculum to an appropriate secondary

- curriculum to cater for the large proportion of non-academic pupils

(i) update existing courses and introduce new ones in primary and

secondary schools with appropriate teaching materials

the acquisition of practical skills

careers information and guidance

simple accounting and banking procedures
the preservation of social and physical environment
vernacular language and cultural heritage
multi-cultural activities

education for family life

road safety

swimming and life saving

CONSUMEr awareness

the need to grow more food

community service.

(iv)  broaden and enrich the curriculum at secondary |evel with emphasis on:
Objections to the implementation of the above enrichments of the curriculum stem ‘

mainly from the fact that they are non-examinable topics. This same objection

created problems during the introduction of computers in schools (see Chapter ‘
3). Some of the items, like swimming, are viewed by the Fijians as an

unnecessary waste of resources. They feel that swimming is learnt outside schoo! ‘




and is as natural as learning to speak. The maijority of Fijians five in rural

areas where road safely is not as important as in the towns. Rural dwellers feel

that resources could be better Speht on examinable subjects, which they see as a

'step up’ for their children to a better standard of living.

An attempt to overcome the objections is being made by:

(i)  aprolonged publicity campaign to stress the importance and advantages
of a broader curriculum to include non-examinable topics

(i lengthening the school year to cater for the extra activities

(il encouraging the growth of voluntary national youth organizations o be

responsible for instruction in some of the "enrichment’ subjects.

Examinations

With the emphasis on enriching the curriculum with the activities discussed

above there is a need 1o revise examinations. The move is towards prescribing
examinations to suit focal needs. At the moment examinations at Forms 5 and 6
are still partially New Zealand-based, but have a local bias in some subject

areas. Steps are being explored in collaboration with other South Pacific
countries, and in consultation with the Universily of the South Pacific, to set

up a South Pacific Board of Examination Assessment. This Board is to develop
examinations and other means of assessment and help in training personnel in the

development and use of assessment procedures and technigues.

2.3.5 Other Services

Grants provided to non-government schools include:

(i)  fee-free grant to primary classes 1-6

(i)  remission of fees to classes 7-8

(iiiy remission of fees based on incomes of parents in Forms 1~4 and on both
performance and parental income in Forms 5-6

{iv} a per-capita grant in respect of every child in Forms 1-4 in secondary
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schools
(v) a per-capita grant in respect of aided students in Forms 5-6
(vi)  alicensed teacher or reserved teacher grant in primary schools
(vii)  salary grant in respect of non-government teachers and clerical
assistants in secondary schools. |
Some teachers in Fiji are not registered by the government and as such their
wages are the responsibility of the sc_hooi committee. These teachers are known
as Licensed Teachers and some of them are not formally trained to teach and are
hired by the school committee. '
Discretionary building grants are also available to schools on application.
Support Services |
Suppart services available to the education system include:
()  Careers Services: Forms 3.4,5 and 6 are given advice on employment
opportunity and selection.
(i)  The Fiji Museum: the museum offers a good opportunity for pupils to
study earlier cultural activities and values of the Fijian way of life
(i) The Fiji Arts Council: an institution aimed at developing traditional
as well as contemporary expressive and visual arts particularly in

connection with young people.

Teachers' Unions

Two teachers’ unions to cater for the two main racial groups exist in Fiji.

The Fijian Teachers' Union (FTU)is mainly patronised by indigenous Fijian
teachers, while the members of the National Union of Teachers are mainly non-
indigenous Fijians. Teacher Unions have been very active in negotiating better
teaching conditions. Public relations between Unions, parents and govern'rnent
have been good for many years. This cordial relationship was shattered in the
early eighfies when educational reforms brought about by the government caused

nation wide unrest and demonstrations. This is dealt in more detail in the next




chapter.

2.3.6 Comments on Education in Fiji During The Years Before 13980
During the period before the 70's education in Fiji was limited to a privileged
few, either those that were academically inclined or those that could afford it.
Progress through the education system was determined, in most cases, by success
at the examinations. There was only a handful of secondary schoois and post
secondary education was provided by neighbouring countries New Zealand and
Australia. The curriculum was geared to satisfy some criteria that weré totally
foreign to the native Fijian and did not include skills or knowledge that

identified with his needs. This was acceptable as [ong as there was enough
employ_ment to absorb the educated population. The curriculum and educational
objeciives of the pre-?O’s have been carried forward to the 80's, and today
there are many young people in Fiji with New Zealand University entrance passes
who are without jobs and without the skills and knowledge to improve the Fijian
way of life. They have been trained in skills that are, as far as Fiji's

development is concerned, irrelevant.

What Fiji needs is an education system that takes account of the demands of
Fijian society, instead of presuming that imported ideas and values are the only
ones worth cultivating in school. At present Fijian culture and values are not
taught in school. It was the fribal duty of the elders to pass their skills and
knowledge on to the young, and the elders no longer do this so the children are
missing out on this part of their education.

Young people continue to flood into the towns in Fiji because they are looking
for the jobs that they believe they are trained for. In reality the jobs are not
there. In the author’s opinion there is a living to be made in the rural areas,

but the young do not posses either the inclination or the skills to respond. As

a result the towns in Fiji are breeding places for all the usual social



problems. The next section deals with the changes in the education system in
Fiji during the early 1980’s. This period has been seen as a turbulent period
for Fiji. It started off with some very controversial changes in the education

system and culminated in two military coups.

2.4 Educational Reforms in the 80's

Educational refoerms in Fiji in the early eighties were brought about by the
newly elected Minister for Education, Dr Ahmed A[i, The reforms were
controversial in that there were national demonstrations demanding a return to
the pre-Ali state of affairs in the education system. Some of the changes were

reasonable but it was the way they were implemented that infuriated the people.

2.4.1 The Fiji General Election of 1982

Political affiliations in Fiji have always been to one of two parties. One is

either an Alliance Party supporter or a National Federation Party supporter.
From time to time a neutral party of sorts emerges only to fade away because of
lack of support. The Alliance Party which has been in office since independence
from Great Britain in 1970 again won the 1982 General Election. Dr. Ahmed Ali,
wha stood for election for the first time, was elected to Parliament on an

Alliance ticket and was appointed to the Cabinet as Minister for Education. In
the previous Cabinet Mr Semesa Sikivou, an experienced educator as well as a
politician since the 1950’s, was Minister for Education. Compared to Mr Sikivou,
Dr Ali is young and inexperienced and this showed through time and again in his
dealings with members of the public. Dr Ali resigned his post as Director of

the Institute of Social and Administrative Studies at the University of the

South Pacific to take up the Cabinet post of Minister for Education in his first
year in Parliament.

Dr Ali introduced many changes into the education system which were the cause of

many public grievances. On reftection Dr Ali's handling of the education reforms
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may have contributed a lot to the Alliance Party losing the general election of
1987 which triggered the military coup of May 1987.

The changes in the education system discussed here are not in chronological |
order. Itis important to point out that they all occurred within three years

of the 1982 General Election.

24.2 Reforms
Closure of Nasinu Training College (NTC)
A primary school teachers' training college since the early days, funded by
government, Nasinu Training College (NTC) was closed, and then converted to a
residential college and computer centre.
NTC provided three separate courses:
(i)  aone year, post-School Certificate (post Form Five) pre-service
course for teachers of Classes 6,7 & 8
(i)  atwo year post Fiji Junior Certificate (post Form Fbur) pre-service
course for teachers of Classes 1-8, with special emphasis on classes
1-5
(i)  a third-year Craft teachers course for trained teachers who wish to
become specialist handcrait or homecraft teachers in Classes 7 & 8.
Students attending Foundation courses at the University of the South Pacific
were billeted at the Nasinu campus.
These primary school teacher training facilities were discontinued and the
campus at Nasinu, some four miles out of Suva, was converted to a residential
college, while part of the premises housed a computer centre for schodls. The
residential part of the campus continued to be used to accommodate foundation

students of the University of the South Pacific (USP) on Fiji government

scholarships. Foundation students are those fresh out of secondary schools and
experiencing university life or post-secondary education for the first time.

Nasinu campus is some six or seven miles from the main campus of the University.
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Considering Fiji's standards of communication and transportation this distance
is long. Foundation students felt they were not part of the university
community, as they were not able to participate fully in university activities
due to the difficulties of transportation between campuses during off-peak
hours. Access to university facilities like the library is limited. The
University serves eleven nations of the South Pacific region, and the
Foundation students from Fiji living at Nasinu feel themselves to be ata
disadvantage compared to those who live at the university main campus which is
located at Laucala Bay. Free transport between the two campuses was only
available at certain times of the day, and not at all after six o'clock in the
evening. This the students complained was very restrictive. The fact that they
lived away from the main campus and came under additional regulations, some of
which made them feel as if they were still at secondary school, gave the
students a feeling of isolation and frustration.
Foundation students were not the only ones who objected to the arrangement;
teachers were also unhappy with the closure of NTC. The teachers’ Trade Unions
felt that the closure of Nasinu was not in the best interests of education, as
more teachers were needed. The Unions also felt, as a professional body involved
in education, they should have been consulted about the closure of NTC. Lack of
consultation seemed to be a hall mark of Dr Ali's administration as his term of
office continued.
The closure of Nasinu Training College left the country with two primary school
teacher training institutions at:
(i) Lautoka Teacher’s college - a government run college on the western

side of Viti Levu, the principal istand of Fiji
(il  Corpus Christi College run by the Roman Catholic Mission, providing a

post-school certificate course for primary teachers.
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! Discontinuation of Diploma of Education Course at USP
The University of the South F’aciﬁé provided secondary school teachers’ training
for the countries of the South Pacific region with two courses before the
1980's;
(i) a 3-year Diploma in Education for teachers of lower secondary forms
1-4
(i)  a4-year B.A. or B.Sc. degree course with a concurrent graduate
Certificate in Education.
Students from Fiji attending the two teachers courses were mostly sponsored by
government and automatically gained a teaching post on graduating as a fully
qualified teacher.
The new government reforms: _
(i)  stopped financing all teacher tr.aining at USP
(i) allowed those already in training to finish the course but did not

guarantee them empioyment.

This was a bitter blow for intending teachers as government sponsorship was the
‘only means of obtaining training. The decision effectively stopped the supply of
newly trained teachers. Even worse off were those already in training, Diploma
students and Graduate teacher trainees, knowing there was no job at the end of
the course. Some of the students held a demonstration on 'graduation day and

burnt their certificates while still in their graduation dress.

Introduction of Teachers’ Volunteer Service
Since the only source of trained secondary school teachers, the USP, was being

discontinued, the government had to look elsewhere for new teachers. The

government introduced the Teachers’ Volunteer Service as an entry point into the
teaching service.
Volunteers are either trained teachers or graduates interested in taking up

teaching as a career, and are to be paid much less than a new teacher recruited

\
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during the pre-volunteer days. Volunteers work in schools for one or two years
until such time that a teaching vacancy occurs, when their position is reviewed.
Graduating teachers from the USP were offered volunteer posts.

The author observed at the time the lack of any guidelines on the duties of
volunte.er teachers. There is no guarantee that a volunteer will be takén onasa
fegistered teacher on a realistic salary after a certain period of satisfactory

service.

Heorganisation of Some Schools

Queen Victoria School (QVS)

Traditionally QVS is one of three secondary schools seen by ethnic Fijians as an
embodiment of something Fijian. The other two schools are Ratu Kadavulevu School
(RKS) and Adi Cakobau School (ACS). QVS and RKS are both boys’ secondary schools
and ACS is a girls’ secondary school. All have boarding facilities. The three

schools are actually government schools, which means they receive more in the

way of grants from government than do committee schools, which are funded mainly
by the committee and the community. The three schools are regarded by many as
a few of the last strongholds of 'Fijian-ness’, to coin a phrase. While village
community set-ups and extended family units, two concepts considered vital by
many ethnic Fijians, are slowly disintegrating, ethnic Fijians look to the three

schools as a source of inspiration to promote their identity.

QVS is an institution created by the government, and seen by the Fijians as

fostering the old tribal system. The school, with very old traditions, was

built to educate the children of tribal chiefs only. As a sign of high regard

for the school the name of the British sovereign, who ruled at the time Fiji was

ceded to Great Britain, was bestowed on the school. In Fijian society each

member is aware of his position in the hierarchical system and many traditional

rituals are designed to remind members of their place, thus reinforcing the
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importance of the structure. From the beginning QVS was intended for the
education of the families of the chiefs only and for many years no commoner was
admitted to the school. To be given a place in the school was indeed an honour
amongst ethnic Fijians. This of course has changed in recent times and native
Fijilan commoners are admitted after careiul testing. Competition for‘places at
the school is strong. The old way of life was slowly being eroded and the Fijian
Administration, a local government set-up to administér the affairs of rural
Fiiian's, has been abolished by the government. The people looked, almost in
desperation.on Queen Victoria School as something they could identify with. Many
people in high public office and held in great esteem by the ethnic Fijians are
products of QVS.

The new reform by the government has allowed non-ethnic Fijians to teach and
study at the school. The maijority of ethnic Fijians are traditionalists and they

were infuriated by this move by the government. Teachers were shufiled about and
a new non-ethnic Fijian Head Teacher was installed at Queen Victoria School.
The people reacted very strongly to the changes with letters in the newspapers,

and public meetings were held calling on the government to abandon the reforms.

Changes at other schools

Ratu Kadavulevu School (RKS) is another predominantly ethnic Fijian schoal
bearing the name of a paramount Fijian chief, descendant of Cakobau who
instigated the cession of Fiji to Great Britain. The word 'Ratu’ is a title

which is inherited. The school, RKS, was buiit on a site given freely by the
owners for the education of ethnic Fijians. The school was initially used as a
preparation school for entry into QVS and it was the ambition of every ethnic
Fijian to attend RKS and thén go on to QVS.

Integration was also introduced in BKS as a result of reforms by the government.

This added to the anger of ethnic Fijians who felt anather of their symbols of

identity was being removed.




Some primary schools in the rural areas are, due to their locations and
accessibility to rural ethnic Fijians, populated entirely by ethnic Fijians.

Non-ethnic Fijians live mainly in urban areas where employment is availabie.

The rural areas are mainly populated by ethnic Fijians who own approximately 80%

of all tand in Fiji. These rural primary schools, attended only by ethnic

Fijians, have always had ethnic Fijian teachers. The government changes in the
early eighties included the placing of non-ethnic teachers in these primary
schools. The parents of children at the affected schools opposed the changes and
some schools had problems operating‘ due to the non-arrival of new teachers who

feared for their safety.

2.4.3 Reactions to the Changes
The effect of the changes in general was total chaos and unrest. The changes
were brought ahout so tast, without any consultation or discussion with

interested parties, that the whole education system almost ground to a halt.

Opposition to Integration in Schools

Ethnic Fijians did not want non-ethnic teachers and pupils at Queen Victoria and
Ratu Kadavulevu Schools, nor in rural primary schools with an all-ethnic Fijian
pupil population. Because of their rejection by some school committees, and fear
of violence, non-native teachers were reluctant to teach in these schools.

The author was present at one of the public meetings called to discuss
integration in schools. The meeting was attended by prominent members of the
ethnic community, educationists, trade unionists and politicians. The tone of

the meeting was such that one could see the ethnic Fijians’ fear that

integration in schools was another step towards the total erasure of their

identity.




Ethnic Fijians argued that:

(i)
(i)

(iip)

(iv)

(v)

(i)

(ii)

integration in the two boarding schools, Queen Victoria School and
Ratu Kadavulevu School, was a violation of Native Fijian inheritance
many schools in the country are integrated and they wanted the option
for their children to attend a non-integrated school to be available

many non-integrated rural primary schools enjoy goodwill by the local

population who are ethnic Fijians and who will not continue to
contribute if the primary schools are integrated

the use of Fijian as the language of instruction in some primary
schools will create problems for non-ethnics who do not speak Fijian
integration will de-emphasise Fijian culture which is taught in non-

integrated schools.

The author observes that the idea of integration in the schools is a good one

but the people who would gain the most from it were not yet ready for it.

The Ministry of Education put forward two main points:

The level of examination achievement of ethnic Fijians will improve as
a result of integration.

The view that ethnic Fjians are not as bright academically as non-
ethnic Fijians is widely held in.Fiji. The author believes that,

because of this widely held view, most ethnic Fijian students tend to
adopt an attitude of mediocrity towards their academic studies when
they are part of an integrated group, where they feel they are second
rate students. In an all ethnic Fijian group, students tend to work
harder. More research is needed in the area of underachievement by
ethnic Fijian students.

The government was committed to the policy of multi-racialism and it

was only proper that it practised what it preached. To educate the




country in what multi-racialism is, the government felt that it should

be practised in schools as well as in public. Schools that were seen

to be run on racial lines were instructed to take positive action

towards integration.
A point worth noting is that schools were in no way pressurised by members of
the public or teachers to integrate. There were no instances where a student was
~ turned away because of ethnic origin. Non-ethnics were not in any way agitating
for integration, and the confrontation on the integration issue was between the
government and the ethnic Fijians.
The author remarks that the community was happy with the way things were. The
development of multi-racialism and integration in schools and other areas of
lite are expanding at a rate which is acceptable to the people. Some schools
were viewed by the community as belonging to a particular racial group, and some
were viewed as integrated, and there was no attempt to interfere with this set
up. The two major races were aware of the possible conflict in any compulsion
for integration and were prepared to |et events take their course without any

interference.

Teachers’ Protests

Teachers protested at being placed in schools that did not welcome them for twb

main reasons; |

) those who were placed in rural schools feared for their personal
safety, because of the oppaosition to integration by the local
population

(i)  many teachers did not speak or have any knowledge of the ethnic Fijian
language or culture and did not feel confident to take up positions in
échools populated entirely by ethnic Fijians

Teachers protested at the withdrawal of government support for teacher trainees

at the University of the South Pacific. Teachers saw this as discouraging new
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recruits coming into the profession, making worse the situation in the already
overcrowded classes.

Teachers totally rejected the Volunteer Service created by the government to
accommodate newly qualified teachers and those hoping to take up teaching. They
felt this was cheap labour and was belittling the teaching profession. The
government statement said Volunteer Service was to be a new feature of the Civil
Service and it was being tested with teachers as there was no immediate need for
more teachers in the schools. The teachers and Unions denied the allegation that
there were enough teachers.

Student teagﬁers staged a hunger strike and graduating teachers held a bonfire
ritual in which they burnt their teaching certificates in protest against the
government decision to abolish automatic registration as a teacher after
graduation. Teachers went on strike and schools closed for weeks in protest

against the government’s decision to run down teacher training.

The Protest March

Opposition o Changes in the education system as described above were declared
by different sectors of the public. Teachers, parents, students, Unions, and the
public all had their own reasons for opposing some aspects of the changes in
education.

They all agreed that schools could not function within the new framework
infroduced by the government.

The various sectors drew up petitions to present to government and realised they

all had the same ideas in principl‘{v..

(i) They wanted a return to pre-retform arrangements:
teachers to return to positions they held before the reforms,
frained teachers to be registered as fully trained teachers,

the Teacher Volunteer Service and gaovernment imposed integration in




schools to be abolished.

(i)  Should the government want to bring about any changes they should be
discussed fully with all the interested parties, i.e. teachers,

parents and Unions.

(i) Al demanded the removal of the new Minister far Education, Dr Ahmed
Ali, who they all agreed was inexperienced in dealing with sensitive
issues and was unapproachable.

Armed with their petitions the various organisations marched through the streets

of Suva, the capital city on the island of Viti Levuy, to present the petitions

to Parliament. At the same time people demonstrated in Lautoka, the major centre

on the western side of the island of Viti Levu and in Labasa the major centre on

the island of Vanua l.evu. The protest march in Suva will go down in history as
the largest demonstration ever seen in Fiji. During the demonstration a hunger
strike by student teachers took place, schools were closed due to teacher
strikes and negotiations between teachers and the Ministry of Education were

deadlocked.

2.4.4 Government's Responses to the Opposition

The government, in trying to respond to needs in education, brought in as the
new Minister Dr Ahmed Ali, who was in his first term as a parliamentarian.

in his attempts to reform some educational aspects in Fiji the new Minister met
with a lot of opposition from all sections of the community as described above.
Chaos and unrest continued as negotiations between teachers, government
officials and politicians were deadlocked.

To try and break the deadlock in negotiations several changes in the Department
of Education were made. These were:

(i the Permanent Secretary for Education, Mr Epeli Kacimaiwai, a seasoned
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senior civil servant and diplomat, who was negotiating for the
Minister of Education, was removed from office due to differences of
opinion with the Minister.
(i)  Mr Narsi Raniga, ancther senior and experienced civil servant, who,
like Mr Kacimaiwai had also served abroad as government
representative, was brought in as the new Permanent Secretary.
(i) Differences of views still prevailed with the new combination of
Ali/Raniga and this time Dr Ali was replaced by Mr Filipe Bole, an
ex civil-servant and diptomat turned politician.
(iv)  The Minister/Permanent Secretary combination of Bole/Raniga was no
- more permanent than the others and Raniga was replaced by Mr George
Guivalu,
Mr Guivalu had served as Headmaster of Ratu Kadavulevu School and District
Commissioner before his appointment as Permanent Secretary for Education.
His experiences served him well in his negotiations to break the deadlock in the
disputes between the government and the various groups.
Itis interesting to note that the government in its attempt to settle the
dispute did not succumb to any of the demands made by the various groups of
protesters, except that dealing with the refnoval of Dr Ali as Minister for
Education.
The timing of the removal of Dr Ali as Minister for Education was an attempt by
government to disguise the fact that it was in response to public demands. The
removal of Dr Ali took place at a late stage as if it was an after-thought. In
retrospect the dispute between teachers, parents, Unions and ethnic Fijians on
the one hand, and the education department on the other, was one of the major
causes, if not the main cause, of the Alliance Party losing the General Election
of 1987. The loss of the Alliance Party in the election, as mentioned earlier,

led to the military coup and the declaration of the Republic of Fiji in the same




year.

2.4.5 Concluding remarks

This chapter has given the background to the development of education in Fiji.

In justifying the discontinuation of teacher training in Fiji the Minister for
Education referred to the introduction of computers in schools, as if to imply
- that computers will make up for the lack of teachers. It was during the early
eighties that government funded the first computers in the schools in Fiji. This

introduction of computers in schoals in Fiji, and the problems associated with

it, are discussed in the next chapter.




CHAPTER 3

3 COMPUTERS IN EDUCATION IN FlJI

The development of computing in education in Fiji is still in its infancy and as

such it is difficult to identity areas where computer applications are most

useful. The review in this chapter will discuss the development of computers in’
Fiji education along two routes: development in the schools and development at
UsP. The reason for this two-pronged approach is that the Fiji government
administers the schools but the University of the Scuth Pacific (USP) is the
responsibility of the governments of several countries in the South Pacific

region including Fiji.
3.1 COMPUTING AT THE UNIVERSITY OF THE SOUTH PACIFIC

3.1.1 The University of the South Pacific(USP):A Historical Background
The University of the South Pacific was established on the recommendation of the
Morris Report in 1966 [2], the machinery for which was set up by the governments
of the United Kingdom and New Zealand with the co-operation of the government of
Australia. The Alexander Report [3] further recommended the implementation of
the recommendations. As a result of these two repo'rts the University of the

South Pacific was established at Laucala Bay, an old wartime site of a New
Zealand Air Force flying base, near Suva. Legislation [4] was enacted in June
1967 and an interim council set up; The initial planning period was consolidated
by the granting of a Royal Charter and Statutes formally establishing the
University of the South Pacific on February 10, 1970.

The University was established in accordance with the wishes, and to serve, the
Governments of:

The Solomon Islands (formerly the British Solomon {slands)

The Cook Islands
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Fiji

Kiribati (formerly known with Tuvalu as The Gilbert and Ellice

lslands)

Tuvalu |

Vanuatu (formerly The British Resident Commissioner of New Hebrides)

Tokelau (formerly The Tokelau Islands)

The Kingdom of Tonga

The Independent State of Western Samoa.
The University of the South Pacific is based at Laucala Bay, where the School of
Humanities, School of Social and Economic Development and the School of Pure and
Applied Science are located. The School of Agriculture is located at Apia in the |
Independent State of Western Samoa. Due to the geography of the region g_reat
emphasis is put on distance learning and each member nation of the University

hosts an Extension Centre to coordinate University affairs in the host nation.

3.1.2 The Beginnings of Computing at USP

The starting point in time for any significant use of computers in the classroom

at USP was 1980 when credit must be given to Dr. Donald Joyce, then Reader and
Head of Mathematics at USP, who instigated the purchase of one unit of an Apple
Il microcomputer for use in the maths department.

Dr John Lovell, a Fullbright Fellow at the University Extension Services,

brought with him in 1980 from the United States an Apple microcomputer. As a
result the extension services purchased eleven units of Apple Il microcomputers -
and the mathematics department purchased one unit. The extension services were
o place one Apple I microcomputer in each of the USP regional centres in the
islands.

The mathematicss department started their usage of computers in the classroom

with the one Apple Il unit.




The First Course Using Computers at USP

The first use of computers in thé classroom at USP was as a subject of study. It
was a non-credit course in computer awareness held during the two week semester
break in 1980. It was offered to the public énd no entry qualification or

previous knowledge was required. Because of the overwhelming public response'to
this first awareness course further courses were organised.

Topics taught at this first course included very basic concepts of computer
hardware and software. The students were interested to know how one can display,
erase and manipufate displays on the screen. Basic programming was taught and
students were impressed by the fact that they were able to display texts and
numerical resulis of calculation. The course highlighted the lack of

technological experience in the background of the students. This is still a
consideration in Fiji even today. To make significant headway in technological

innovation the lack of technological background must be remedied first.

Further Courses Using Computers at USP

Due to the encouraging response to the first course, which was held during the

day, it was decided to hold further courses in the evenings. This change of

timing had a number of advantages:

(i) it enabled those in employment to attend without taking time off work
and losing pay.

(i)  Facilities, classrooms and hardware were available in the evenings.

(i)  Tutors to run courses were also readily available in the evenings.

The courses were run by the author but it was very difficult to get help for

mounting non-credit courses. This difficulty arose because evening non-ézrdit

courses did not count towards normal workload. Conseguently the course was

relegated in importance and survived only through the goodwill of the author.
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Evening Computing Classes At USP

Attendants

The numbers for the evening courses had to be limited to ninety and two courses
were run concurrently. They were attended mainly by people who were interested
to find o_ut what computing was all about. Attendants ranged from high school
students, to retired people, business people, teachers, doctors and the

unemployed. There was no formal pre-requisite for the courses.

Course duration

The courses lasted for 10 weeks with a one and a half hour lecture per week.
"l"opics covered

Topics covered in the evening courses were very elementary, catering mostly for
people who had never seen a computer before. There were no pre-written packages
that could be shown and the programs demonstrated were very simple ones with
very few lines.

Students attended the courses hecause of their curiosity rather than to improve

their job opportunities. Job opportunities in computers were scarce in Fiji in

those days and in the author’s view are still imited today.

The following topics were covered: |
() Identification and functions of various components of a simple
microcomputer system, both tape and disk based.
(i)  Connecting up and switching on of system.
(i)  Simple trouble shooting without opening any of the units.

(iv}  Introduction to Basic programming.

Practical Sessions
Hands-on experience was an important component for the course. Due to limited
hardware facifities, practical sessions were difficult to carry out

satisfactorily. A booking system enabled each student to have one hour per week




on the keyboard.

Hardware

The evening courses were so popular that the maths department was able to
purchase six Commodore Pet microcamput'ers and tape recorders with money raised
from the course fees. These were increased to nine with two disk drives and a

printer twelve months later.

This departure from Apples in hardware choice was due to the non-availability

locally bf Apple microcomputers at the time. The choice of Commodore Pets was
ill-conceived since there were other, cheaper and, in the author’s view, better
microcomputers available locally by that time. The department realized this

mistake time and again in later years, both in financia! terms and in hardware

suitability.

Further Development of Computer Usage at USP
Up to the end of the 1985 academic year USP was using Commodore Pet
microcomputers for teaching awareness and for programming. The awareness course

was still being offered in the evenings as a non credit course.

3.1.3 Courses offering computing at USP in 1885
Foundation Mathematics
Foundation mathematics offered an introduction to programming in Basic during

the second semester of the iwo semester foundation mathematics programme.

First Year Degree Courses

ED 111, Calculus, Linear Algebra and Computing and ED 113, Basic Mathematics
A first year degree mathematics course ED 111 includes an Introductory Computer
Programming component to complement Calculus and Linear Algebra. lntroductofy
computer programming is also offered with ED 113 Basic Mathematics-another

first year mathematics course. The first of the two above courses ED 111 is




intended for students who wish to study mathematics as a maijor subject. The
second course, ED 113, is intended ta service those disciplines in the social
sciences and education where a working knowledge of basic mathematics is

required. They can not bath be credited for the same degree award.

Second Year Mathematics Course: ED 214 , Data Processing

ED 214 is a second year degree course requiring ED 111 or ED 113 or equivalent
computing experience as a pre-requisite. The course aims to develop an
understanding of the concepts and impact of computer systems and to develop

skills in the techniques of data processing as relevant to the South Pacific.

By 1985 the USP had also acquired an ICL mainframe computer which had been in
use at the Native Land Trust Board, a statutory body administering Native

Fifans' lands, who were upgrading their system. ICL had offered the outdated
machine to USP as a gift. The machine was being used for administrative purposes

and for students taking ED 214.

IBM Network Installation

In 1985, with finance provided by foreign aid, an extensive IBM network was
installed. The author’s departure in early 1986 and the political situation
created by the military coup of 1987 have not made it possible for him to give

here a detailed account of the new system at USP.

The 1988 course offerings of the mathematics depastment at USP include:
MA 111 Calculus, Linear Aigebra and Computing
MA 151 Introduction to Computing
MA 251 Data Processing
MA 351 Computer Science.
Further the USP Technology department olterings include:
Computer Aided Technology.
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Computers and Teaching Mathematics at USP

It can be said that no mathematics teaching using the microcomputer actually
took place at USPF up to the end of 1985, except for the odd student doing
computing projects in numerical analysis.

The author in 1984 carried out a trial project using microcomputers to teach

mathematics to a group of foundation students (see Appendix A).

3.1.4 Trial Project on Teaching Mathematics Using Micros At USP
A description of the project appears in Appendix A. The project investigated the
use of microcomputers in the teaching of mathematics. It was a first attempt at
USP in using the new technology to teach mathematics and the initial abjective
was not clearly defined at first. It was more or less a case of, let’s find out

wh'at obstacles there are, and if some popular belieis about the new technology
are true. :Fhe‘project was initiated and carried out by the author without any
support from the department. The author wants to make it clear that this was not
due to any misgivihgs in the department about the USe'fuIness of the exercise,
but because the lack of resources and time within the department made it
impossible for any constructive support to be given. Hence the project

experienced many preblems.

Problems encountered with frial project

Numerous problems were encountered when carrying out the trial project on using

microcomputers in teaching mathematics. In general problems are to be expected
when applying new innovations in a country like Fiji and a lot has been learned
from the exercise. Three areas that the author feels are important are given
here.
1 Availabilty of Suitable Hardware

At the time the project was mounted the only available hardware in the

department was the Commodore Pet microcomputer. This was unfortunate as a




major area the project wanted to look at was graphics and’the Pet did not
have suitable graphics capabilities. However, the Atari 800X was available
in Fiji at the time and the Atari dealer in Suva lent the project two units

of Atari 800XL and one unit was purchased for the project. The Atari 800XL

presented a far superior alternative to the Commodore Pet microcomputer.

Availability of Suitable Software
Software suitable for the project was not available for the Atari 800XL
which at the time was regarded as a games machine. Consegquently, the author

wrote the programs for the project. Two programs were produced:

(i} Program 'POLY’ which investigated polynomials and
(i) Program 'RATIONALS’ which investigated rational functions. -

Administering the pro‘ject
The problem of adminstration included:
(i)  where to hold computer sessions ?
For any new innovation there is always the problem of where to
accommodate it physically. .In this instance, the question of
where to use the microcomputer and where {o store the hardware
when not in use created problems.
In addition to the scarcity ot space there is the added problem
of security. Fiji at that time was, and still is, undergoing a
lot of social changes resulting in unsociable behaviour giving
rise to security risks both to persons and properties.
(i)  how to timetable computer sessions ?
This in a way depends on the type of program and the students. If
students are not familiar with computers they need to spend time

on hardware familiarisation exercises before any meaningful work




cén be attempted. Some programs are intended to be free standing,
when no previous lessons in the topic being studied are necessary
while some programs are for reinforcing materials previously
studied. The cooperation of other members of staff is essential.
Some students like to use the computer during class time and
others want to use it after normal cfass hours. This creates the
prablem of supervision and locking up.

(i)  is the computer to be used by the ieacher only 7
This depends partly on the type of computer program and also on
the level of computer experience of students.
Demonstration programs will not hold the students’ interests for
long. Once demonstrated by the teacher the programs tend to drift
into obscurity and be forgotten.
When using interactive programs students will want to respond to
the programs in their own time without, what the student thinks
as, the critical and sometimes patronising comments of teachers.
Students will want to input data that they think the teacher
avoided.
The age of students also has to be considered. Are they mature
enough to be left completely alone with the machine or do they

need some degree of supervision ?

Solutions to some of the problems depend on the type of program, while some of
the problems may be solved only by trial and observation. As students get more
familiar with the computer, problems will be different. Discussion and exchange

of ideas between users of computers in education should help solve most of the

problems.




Computer Facilities Investigated by Trial Project

The project was in a way a demonstration of the facilities available on the

computer. It tried to show the students some mathematical concepts with the help

of computers. In addition to enhancing some mathematical concepts the project

also tried to demonstrate some facilities available with the computer.

)

(i)

(iii)

Facilities demonstrated include:

Graphics

The use of graphics to enhance mathematical ideas is generally
accepted. The project investigated if graphics provided by the

computer are acceptable and clear enough to be of benefit to students.
Graphics can be too sophisticated and complex, blurring th.e
mathematical concepts being demonstrated. Clarity of display of
computer graphics depends on hardware and software. The buitd-up of
computer graphics on the screen can be slowed down for observation and

this is useful for reinforcing ideas and sustaining attention.

Interactivity

How much interaction is possible between student/teacher and machine ?
How is this interaction beneficial to the understanding of

mathematical concepts ?

The immediacy of responses to inputs, and the speed of display of data
and diagrams are great motivators for students. They encourage
students to be more adventurous in their inputs.

Speed of Calculation

There are some situations where speed of calculation is useful and
other situations where fast caiculation is not necessary and in fact

the calculation needs to be slowed down. For example, in numerical

integration the calculation of the integral in the interval (a,b) with

n sub-intervals needs to be slowed down with n small. Once the method




(i)

(iD)

i)

(iv)

(v}

is clear, then n can be made very large and the integral calculated
quickly to show how the integral approaches a limit.
The speed of the microcomputer, the interactive facility and the

accuracy provide a motivating environment for the {earner.

Summary of Project Findings

The project confirmed most of what is already generally accepted about computers
and learning mathematics in developed countries. However, the important thing
that it achieved is that students were able to experience learning mathematics
using the computer, which was a totally new experience for them. The tapics
investigated took on a new meaning by the fact that they could dictate and
accurately predict the graphic output on the screen.

The students all agreed that:

Clear and accurate graphics provided by the microcomputer helped in
the understanding of mathematical concepts.

th all mathematical topics are suitable for microcomputer
applications.

The speed, accuracy and the ease of use of the microcomputer coupled
with the clarity of graphics representation encouraged students to go
that little bit further and sometimes outside the scope of the current
topic.

Time was made available for a {ot of mathematical discussion when the
tedious task of displaying the graphics was readily achieved with the
computer.

The choice of hardware was very important because of the need for
hardware friendliness and graphics abilities.

Programs need to be short and lend themselves to alteration by the

user, interactive programs were definitely very useful in many ways,



but could be very confusing to novices who did not know what input was
expected.
To enable the user to alter programs the author would recommend later an

interpreted language.

3.1.5 Other Computing Facilities At USP _

Other early computer uses at USP were by the Extension Servicés who purchased
Apples and more recently Commodore.64’s.

The Extension Services of the USP administer all courses offered through
correspondence and those offered after hours. This effectively took the
responsibility of computer evening courses away from the mathematics department.
The Extension Services operate from the USP centres located in all the member
nations of the USP with the headquaters located in Suva at the main USP campus
on Laucala Bay. The Fiji centre of the Exiension Services took over the teaching

of computer evening courses, but did not have the staff. The author, though
working in the mathematics department, was instrumental in setting up the

evening courses for the Extension Services.

The initial purchase of some Apple II's and computer hardware in the Extension
Services of the USP was boosted by the purchase of a further six Commodore 64's. '
By the end of 1985 the Extension Services of the USP had one Apple Il each at
the USP Extension Services centres in the islands and six Commaodore 64’s at the
Fiji centre.

The Extension Services encountered many problems during the early days of
computing and most of the prablems have been solved through enthusiasm and
determination of the Extension Services staff. A major concern at the time was

the fack of trained personnel who could take responsibilty and oversee its

proper use. This concern was justified some months later when a tour of the USP

centres around the Pacific region revealed that a number of microcomputers were




unserviceable.

ft was realised at the time that a contributing factor was the lack of use

resulting in the lack of basic maintenance of the microcomputers. This state of

-affairs has since been rectified by USP engaging a qualified technical mahager

and the training of personnel at each extension centre.

The lack of a core group of people expert in certain aspects of computing has
been a stumbling block in the development of all applications of computers in

the country.

Current Hardware At USP
By the end of 1885 USP had available for {eaching purposes:
(i)  an extensive network of IBM PC's
(i}  eight Commodore Pets
(i)  four Atari 800XL
(iv) twelve Apple i

(v)  five Commodore 64's

3.2 COMPUTING IN EDUCATION IN FIJi OUTSIDE THE USP

The introduction of computers in the schools in Fiji came at a time when

education was going through some very controversial reforms. Because of the way
it was implemented, the author saw it as an attempt at the time to distract

public attention from the real issues that were facing Fiji education. Due to

the mishandling of the introduction of computers it was fraught with problems

which could have been avoided.

Innovations such as computers can only be implemented by government and funded
by government. Teachers and schools in Fiji do not have the facility or |
resources to initiate developments like using computers in the classroom.

Teachers in Fiji are good at carrying out instructions to the letter and the



tack of detailed instructions on what to do with computers caused many problems.

3.2.1 Introduction

The arrival of the first microcomputers in Fiji in the early eighties was

preceded by the introduction of video systems in the country. Fiji has no
television broadcasting service and the video system took the country by storm.
The market was flooded with cheap Japanese video systems and libraries of
legitimate original and illegal pirated tapes sprang up. By the time the first
Sinclair and Atari followed by Commodore, Apple, Microstar and Amstrad
micro'computers arrived in the shops a proportion of the population was already
familiar with the television screen and the video recorder. This experience

with the video system before the arrival of the microcomputer is important from
the point of view of fntroducing microcomputers to a non technical audience like
the Fiji public. Any technical experience and knowledge picked up during the use
of a video system can only be beneficial during the early stages of computer
experiences. The lack of technolfogical background on the part of students
creates severe learning problems when the students have to deal with high

technology in later years.

School Visits

During the computer evening classes held at USP some school teachers attended
and showed an interest in the use of computers in the class room for teaching.
The author arranged to visit the teachers at their schools and talk to other
teachers and students about computers.

These visifs were made during the 1983 academic year and activities carried
during the visits included:

{i) showing students and teachers a microcomputer system

(il  demonstrating a short basic program involving graphics

(i) talking to the group about computers and the uses of computers.




These visits were unofficial in the sense that they were not initiated by the
Ministry of Education and they took no more than one and a half hours.

They highlighted the lack of a basic knowledge of computers that existed amongst
the school population at the time.

Those schools visited, eleven in all, were the only schools which had seen a
microcomputer before the official announcement by the Ministry of Education, in

late 1983, that microcomputers were to be placed in schools.

3.2.2 Official Government Initiative

The announcement to place computers in some secondary schools was made by the
Minister of Education during the last session of Parliament in 1983. It is

noteworthy that the anncuncement was made during a period of upheaval in the
education system in Fiji. This was one of the innovations introduced by the
government to try and soothe the unrest caused_ by other reforms being introduced
at the time.

The Minister of Education used the introduction of computing in schools to

justify several cutbacks in other areas of education notably:

(i) the closure of a teachers’ training college, which would provide
premises for a computer centre and accommodation for foundation
students at USP

(i)  the removal of financial support for teacher training. Computers now
could help to fill the gap created by the shortage of teachers

(i)  the introduction of the Teacher Volunteer Scheme which would provide
volunteer teachers. Those teachers to be complemented by
microcomputers in the classroom.

The announcement in Parliament indicated that a few selected secondary schools

would be issued with four units of microcomputers in the following school year




(1884) to start with. The government undertook to equip all secondary schools
with microcomputers at a future date. This was again seen as an attempt to gain
political mileage for the ruling party. The early eighties were a turbulent

period in the political affairs in Fiji.

Microcomputer Introductory Courses for Teachers

The first awareness course organised by the Ministry of Education was mounted in
January 1984. Any programme organised by a government agency is given the label
‘official’ and this is regarded as the sole requirement for authenficity.

The course was run at the now defunct Nasinu Teachers’ College campus, part of
which is now known as the Nasinu Residential College Computer Centre (NRCCC).
The course lasted two weeks and was attended by teachers from schools which were
selected to receive the first batch of four microcomputers supplied by the

Ministry of Education. This becarme the first 61 a biannual programme of

awareness courses for teachers run by the Ministry of Education.

Selection of Hardware for Schools

The government announcement in Parliament to place computers in schools was the
first indication of the government’s intentions. It was immediately followed by
the announcement of the choice of hardware.

The selection of hardware for schools was made solely by the Minister of
Education with no consultation with interested parties. Even though there was
hy this time more than one supplier of microcomputers operating in Suva, the
capital city of Fiji, the supply of hardware was not put out to tender. This
unethical procedure of spending public money infuriated members of the Fiji
Computer Society when at the inaugural meeting of the Society the Minister of
Education urged the private sector to support computer education in Fiji.

The choice of the Commodore 64 microcomputer for use in Fiji schools by the

Minister of Education was puzzling to say the least in view of the availability
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of other microcomputers in Fiji.

Commodore 64 Microcomputers versus Qthers

The others in this instance are those microcomputers which were available in the

shops in Fiji at the time the choice of hardware for Fiji schools was made.

(i)

(ii)

(i)

(iv)

These others included the Atari 800XL and the Apple il which presented a better
alternative to the Commodore 64 in several ways.

A comparison of the Commodore 64 and the Atari 800XL is given here.

Cost

The Atari 800XL was selling cheaper in Fiji at the time than the

Commodore 64. This is an important consideration in developing

countries like Fij.

Graphics Facilities _

The use of graphics is a major attraction with computers in education.

To create graphics on the Atari 800XL is a much easier operation than

on the Commodore 64. Whereas the Atari 800XL provides graphics command
in Basic the Commodore 64 requires some Pokes and Peeks commands which
require a knowledge of the more complex machine language variety.

On entering the correct combination of Peeks and Pokes the Commodore

64 blanks out for some time before it reappears in graphics mode, and

this thoroughly confuses the novice. The Atari 800 XL instantly

changes mode when the correct Basic command is entered.

Screen Resolution

The Atari 800XL has a higher screen resolution than the Commodore 64.
High resolution allows better diagram definition.

Text Manipulation

Text manipulation on the Commodore 64 is easier to achieve than on the

Atari 800XL which requires all non-numeric variables to be

dimensioned.



The representation of large texts, two other sizes beside the normal |

size, is easily achieved on the Atari 800XL. |
(v}  Software Availability 1

A point raised in support of the Commodore 64 at the time was the

availability of software. It was considered that the Commodore 64 had

more software available than the Alari 800XL which was pointed out tol

be a games machine. |

This may be so, but the ease of operation of the Atari 800XL and the

adequacy of very simple programs at the time would still favour the -

Atari 800XL.

The operations explained in the comparisons above are all discussed with

possible in machine [anguage, which school users in Fiji are not expected {o

wrestie with at this stage.

\
\
\
\
\
\
|
|
\
reference to Atari Basic and Commodore Basic. It is assumed that they are all _
|
Graphics First ‘
The comparisons between the Atari 800XL and Commodore 64 are centered around the ‘
graphics facilities of the microcomputers. It is important that the first
experience of students with microcompuiers should expose the students to the ‘
kind of graphics. colour and sound possible with the hardware. This will help \
infuse enthusiasm as shown by the popularity of computer games. Most courses on
programming begin with topics other than graphics. This is probably due to the |
difficulty of switching the computer system to graphics mode but with
appropriate hardware, graphics can be demonstrated with little programming
skill. This is demonstrated in Appendix B.

The graphics advantage of the Atari 800XL over the Commodore 64 make the Atari

800XL the ideal choice for schools in Fiji.



3.2.3 Responses To Introduction of Microcomputers in Schools

After a two week awareness bourse for teachers held in January/February of 1984,

selected secondary schoals were given four Commodore 64 microcomputers sach by

the Ministry of Education, |

Reactions to the introduction of computers came from both teachers and pupils,

and were mixed. Some disappeiniment was evidenced but on the whole computers had

an encouraging start.

The reactions were reflected in the:

(i) teachers’ comments at the First Computers in the Classroom
Conference/Workshop(CCCW) at the end of the 1984 school year (see
Appendix C).

(i)  Students responses were reflected in a survey carried out at the end

of the 1984 academic year (see Appendix D).

Teachers’ Comments On Micros In Schools
During the 1884 school year, the first year of computers in Fiji schools, the

author was inundated with enquiries on computers from school teachers. The

author arranged the conference/workshop at the University of the South Pacific
(see Appendix C) to identify and find solutions to problems experienced with
computers in schools.
Two aspects of the conference of 1984 gave it significance.
(i) It was the first conference of this nature to be held in the country
(i) |1t was held one academic year after the first microcomputers appeared
in the classroom in Fiji.
Secondary school headmasters were invited to send representatives to the
conference and the response was overwhe!ming.‘

Several factors indicated the enthusiésm that existed amongst teachers at the

fime. Some of these factors are:




(i) A limit had to be put on the numbers and some teachers had to be
turned away.

(i) The conference fee of ten Fijian dallars ( then worth 6 pounds
sterling) did not deter anyone from attending. This was not a smalf
sum to pay but there was no application to waive the fee.

(i)  The conference was held during the long Christmas school holidays when
most teachers in Fiji travel long distances to get to their homes fot
the Christmas festivities. A large number of teachers Were prepared to
give up three days of their holidays to attend the conference without

any compensation.

Comments

Teachers’ comments at the conference, and discussions that followed, referred to

the following areas of computing in schools in Fiji:

(i) The téach'ers agreed there was a lot to be gained from the use of
computeré in the classroom and commended the Ministry of Education for

- the innavation. This was surprising consi'dering the lack of computer
expertise amongst teachers.

(i) There was a desperate need for teacher training in computing.

Most teachers in schoals did not have the basic skills to 6peraie the
machine. There was a fear of students and staff losing interest if
this was not rectified.

(iii)  There were no physical amenities provided in schools to accommodate
microcomputers. These were sited in libraries, staft rooms ete, which
locations were found unsuitable for various reasons.

(iv)  The role of microcomputers were not properly defined by the Ministry
of Education. This lack of Ministerial policy on the role of
microcomputers in the classroom coupled with the lack of skills of

teachers made lite very difficult for the first twelve months of




microcomputers in the classroom in Fiji.

Students’ Responses To Micros In Schools
The responses are deduced from a questionnaire administered to three secondary
schools at the end of the academic year in 1984. The numbers given in the

responses in the questionnaire (see Appendix D) are percentages.

Factors Influencing Students’ Responses

The following points need to be borne in mind when analysing the responses to

the questionnaire:

(i) A large majority of students first used microcomputers in 1984 (see
Appendix D, QUESTION 1). This means their first exposure to computers
was in the classroom as none of them owned a microcomputer (see
Appendix D, QUESTION 6). This factor would undoubtedly have influenced
their attitude towards computers.

They would not have seen or experienced microcomputers in situations
other than in the classroom.

(i)  Alarge majority (see Appendix D, QUESTION 2) had only used the
Commodore 64 microcomputer. Consequently the responses in the
questionnaire must be seen as referring mainly to the Commodore 64
microcomputer.

(i)  The lack of skills on the part of teachers, resulting in a lack of use
of microcomputers (see Appendix D, QUESTIONS 16,17,18 & 19), means
that students would not have been exposed to a comprehensive display
of the facilities available on microcomputers.

(iv)  Most teachers involved with microcomputers were either mathematics
teachers or science teachers {(see Appendix D, QUESTION 21). Students

therefore would not have seen the use of microcomputers in subjects

other than maths and science.




Students’ Responses To Questionnaire
Bearing in mind points (i) to (iv) above, the following responses to the
questionnaire showed an acceptance of computers by students.

(i) Usefuiness of computers

Students found microcomputers most useful in mathematics (see Appendix.
P.QUESTIONS 4 & 15). This is a reflection of (iv) above. It could also
. be due to the misconception that corﬁputers are only for solving
mathematical problems. This is a misguided view generally held by
those new to the technology.
Educational software imported or locally written in Fiji at the time
was mostlly mathematical with very little, if any, on other subjects.

(i)  Students’ Enthusiasm

Students’ enthusiasm for the new technology is revealed in the

response to QUESTION 7 in Appendix D. Several factors may have

‘contributed to this enthusiasm:

{a) The novelty of the technology and restricted access to hardware.
88% of students are first time users (see Appendix D, QUESTION 1)
and none owned a microcomputer (see Appendix D, QUESTION 8).

(b) Students’ recognition of the power of microcomputers in
education. Over 90% of students thought that computer learning is

usefu! (see Appendix D, QUESTION 8).

75% of students preferred microcomputers to charts,slides, films
and models as teaching aids (see Appendix D, QUESTION 11).

(c) Inadequate time for hands-on experience. The majority of students

were timetabled one hour or less per week on computers(see

Appendix D, QUESTION 5).




(iif)

(iv)

(v)

Microcomputer Facilities

The ACCURACY and SPEED of the microcomputer are rated very highly by
students (see Appendix D, QUESTION 9). Arranged in order of usefulness
the five facilities in QUESTION 9 read:

ACCURACY, SPEED, COLOUR, GRAPHICS, SOUND
Some students thought SOUND and COLOUR had no use at all. This may be
due to the kind of programs that were available to students.
For the most basic mathematics tutorial programs SOUND and COLOUR are

not essential for the program to work satisfactorily.

- The ACCURACY and SPEED of calculation of microcomputers were

emphasised when using microcomputers for exercising basic

mathematical skills. Some students who experienced computer ANIMATION
found it useful (see Appendix D, QUESTION 10).

The SCREEN as a diép!ay facility is rated as good as the blackboard

(see Appendix D, QUESTION 12). Use of more sophisticated programs with
controlled animation may tip the balance in favour of the screen.

The Microcomputer and Mathematics Learning

Given the fact that a large majority of students, 97%, (see Appendix

E, QUESTION 16) study mathematics and 87% (see Appendix D, QUESTION |

17) preferred mathematics, the benefit of using microcomputers in
teaching mathematics was confirmed by their responses ta QUESTION
22/ APPENDIX D.

This is particulatly noteworthy considering the poor quality of

programs that were available in Fiji at the time.

Computer versus Teacher

Students agreed that computers can not replace teachers (see Appendix

E, QUESTION 14).

Students recognized the importance of having the teacher availabie




when working on corhputers.

This is in opposition to the Minister of Education’s implication, when

justifying cuts in education expenditure, that computers will make up

for the lack of teachers.

The need for the teacher’s inputs during computer sessions may only be

temporary due to:

(a) the type of programs being used may have required frequént inputs
which students wanted to check with the teacher before entering
data |

(b) students may not have been confident on how 1o operate the
computer thus requiring a lot of assistance from the teacher

(c) students may not have had enough background on the subject matter
and required verbal reinforcement from the teacher.

Whatever the reason or reasons for this need of teacher input, the

response confirmed the philosophy that computer programs need to be

demonstrated and the subject matter be taught before students are
allowed to use computer programs. Computer programs should be used to

‘enhance’ (ref. Bajpai and Carruthers [1]) the understanding of

concepts being taught and not as a free standing method of

instruction. Free standing here means programs that do not need any

teacher contribution whatlsoever, before the program is run or after

the program is run. The program introduces the topic and provides all

the teaching.

In describing a Computer Enhanced Learning Unit Bajpai and

Carruthers[1] said: |
For example, a group of lrst year Mathemaltical Engineers were
overn a compuler based tulforial on Numerical Infegralion, Havirng

previously beer taught the subject in a conventional lecture. 7/
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(vi)

(vii)

titorial was meanf o enhance’ the students knowledge - fo fake
the hard facls and information already laught and lurm it info an
mitive fesing ....."

Free standing programs will need very complex programming systems.
Improvements in programs can also be better achieved if teachers are
present during the use of programs by learners. Teachers can then see
and observe how the interaction between learner and program can be

improved.

Interactive Programs

Students’ responses to QUESTION 21/Appendix D confirmed the power of

interactive programs.

The interactive facility makes thé microcomputer one of the very
powerful teaching aids of today. Interactive systems provide
motivation and encourage a sense of adventure to delve further than

the current level of the {opic (see Appendix A).

Group Work on Computers

Students at this stage preferred to work alone or in twos on
microcomputers (see Appendix D, QUESTION 13). This is in contrast to
the conclusion of a Trial project on Teaching Mathematics Using
Microcomputers at the University of the South Pacific(USP) (see
Appendix A) which recsssmended group work. This opposing aftitude to
working in groups is due to:
(a) the number in the group at USP, no more than ten at any one time,
was much less than the numbers in the groups in the schools.
This tends to make the student in the school group feel left out
especially when he/she does not get a chance to make an active
contribution. This feeling of passive participation on the part

of students in the schools will lead to boraedom and, if not



checked in time, cause disruptive behaviour,

At thé disruptive behaviour stage the inexperienced teacher will
be unlikely to diagnose the problem and lay the blame for the
disruptive behaviour on some short term symptoms.

(b) Students who are nof fuily conversant with the basic operation of
microcomputers, and there are many of them in schools at this
stage, are no! keen 1o advertise their ignorance by making
mistakes in front of their peers.

Students involved in the Trial Project at USP (see Appendix A)

had more basic knowledge of microcomputer opearations than those
in secondary schoqls and had no hesitation when it came 1o
operating the machines while their peers looked on.

The students in the schools will prefer to work alone until such

time that they are more confident with computers.

(c) There is also a strong sense of communal feeling among students
at USP, especially those in the Foundation Year.

These students have left secondary schools together, from
different istand nations, to come to USP.

In their Foundation Year they tend to identify themselves with

their particular isiand group and this forms a basis for group

work in which they feel secure. This communal sense of belonging
manifests itself in many ways and could be used to great
advantage. The communal feeling is seen to wear off as students

progress through university.

(viii) General Comments

There was a general acceptance of computers amongst the students,

so much so that they agreed microcomputers should have a place in




the school (see Appendix D, QUESTIONS 19&24). They even go as far
as to say that the government should spend more money on

microcomputers (see Appendix D, QUESTION 23).

Summary of Reactions To Micros In Schools

A summary of the reactions is given here in the way of recommendations.

On the whole schools have given the green light to microcomputers in spite of

problems which could be minimised by implementing the following:

(i) The Ministry of Education should liaise with other interested parties
to expand on the foundation already laid before teachers’ enthusiasm
and interest in computers wears off.

(il  The Ministry of Education should put forward its intention for the
role of microcomputers in schools. On this basis the question of
hardware should be re-examined and software policy formulated.

(i) A scheme for in-service fraining for teachers should be set up.

(iv)  Aninformation service is required for updating hardware, software and

other information relevant to computers in the classroom.

The committee proposed by the conference in Appendix C could include the above

suggestions in its functions.

33 The Fiji Experience

Innovations in education need the support and goodwill of the cdmmunity

and the public at large because the benefits of a good education system are not
as immediately felt as those from the products of manufacturing industries. The
public need to be far sighted to appreciate the need for education and give
willingly the time and resources to new innovations in education. Conditions
prevailing in developing countries like Fiji make it essential that public

support is available for the successful applications of new developments in
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- education.

The Fiji experience in computerisation in education and the background as
described in the previous chapters highlighted some areas that need careful

planning. Those emerge as a result of conditions prevalent there.

Some of the features of developing countries are now discussed, with reference

to the Fiji experience in computerisation in education.

3.3.1 Developing Countries: Features
Economy
The state of the economy which is a consequence of resources, expertise efc.
will determine the purchasing power and the quality of hardware, software and
expertise available.
Several questions on technological applications like computerisation need to be
considered when dealing with countries like Fiji with an economy wel! below that
of an industrialised developed country. |
(a) The question of 'old hardware’ versus the [atest technology arises.
'Eight bit machines like the Commodore 64 microcomputer and the Atari
BODXL microcomputer are matched against more sophisticated machinery
like the IBM, BBC Méster Series and Acorn microcomputers, all much
more powerful and more expensive than the Commodore 64 and the Atari
800XL. Some schools in Britain now possess advanced microcomputers and
the old eight bit BBC micrpcompﬁter retired ot relegated to some
secondary tasks.
Does Fiji need to upgrade hardware choice to more sophisticated and
costly products 7
This is a question that Fiji should seriously consider, especially
when industry and commerce are utilising the latest in technology.

The manufacturers and dealers do put up a good argument for upgrading




equipment. In developing natiens like Fiji, where there is a lack of
knowledge about new techno_logy. there is a tendency to acquire
equipment with a sophistication well in excess of reguirements. At the
same time there is a dan.ger that developing nations could become
dumping grounds for outmoded, outdated and, sometimes, technology with
guestionable values to improve the standard of living. Fiji has
experienced these with agricultural technology in the importation of
pesticideé that are banned in other developed countries. Carlos J.
Lucina and Luiz C. Martins [5], raise the same problem:;
Compuier technology has become ar integral paf/ of the
Cornomy of some oeveloping couniies. /it /s extremealy
mmportant to those countries nol fo be only a markelp/ace
for this new lechnology 17 which it 1s used for just a
sparse set of auplications (sometimes with guestionable
resufls).’
The initial decision to introduce computers into Fiji schools did
raise some comments on priorities. {t was pointed out at the time that
some Fiji schools were in desperate need of the basics of education
like books and desks.
in the author’s view, 'old’ technology, eight bit and non- expensive
microcomputers have enough facilities to enhance mathematics learning.
To teach computer studies the use of a sophisticated machine as used
in industry is beneficial.
To upgrade educational hardware or not is a question that can be
satisfactorily addressed by identifying the role of computers in
education. Strictlly speaking, betore the purchase of initial
hardware,a definition of the role of computers should be spelled out.

This was not the case in Fiji when the first computers were purchased.




(b)

(c)

Without purchasing hardware, computers can benefit education through
an evaluaﬁon_of what role computers can play in education. The
evaluation exercise presents an opportunity for those in education to
review their profession. |
Can Fiji afford to produce educational software packages from scratch,
or should it purchase software written overseas 7 Bajpai et al (6]
highlight the scarcity of good educational software especially in
mathematics teaching. A reason for this is cost. Bajpai [7] pages 423-
424, says,
" Government, inausitry and other funding boadies fiave st not
awakened to the importance of investing large sums of money for
the prodiiction of switable, good and wel-rested equcaliona/
software ....... Froduection of edications/ soffware /s a fong
1aborious process requiring e expertise of experienced 18achsrs
arnd the knowlsage and skills of good programmers capable of
Lroaucing animaled prograrms witl? provisiorns /or switabie
ileraction....’
Is Fiji in a position {o embark on a project requiring the expertise
and resources described here by Professar Bajpai 7
Program conversion provides an alternative to the costly exercise of
developing software from scratch. Chapter 6 of the thesis investigates
the canversion of pre-written and tested software intended for the BBC
microcomputer to run on an Atari ST microcomputer.
The training of computer pregrammers for educational software is time
consuming and expensive. The alternative is to import personnel with
the required skills. Sceptics will surmise that the new technology is

creating employment not for ihe local population but for more

expatriates ta enter the country.




Foreign intluence

Foreign influence, sometimes termed by some as foreign interference, is always
prevalent in developing countries. Some developing countries enjoy the influence
to their advantage, or mutual advantage, with. the foreign power. Ih some
instances foreign influence in the form of financial aids and resources are
abused by the developing countries.

The location of Fiji makes it attractive to foreign powers for various reasons.
FHow attractive it is manifests itself in the willingness of foreign powers to

fund projects.

Two foreign agencies were willing to fund the computer installation at the
University of the South Pacific. One of the agencies was prepared to share the
funding with the other, while the other wanted to fund it alone or not at all.

The latter did not want to share the privileges derived from such generosities.

A teasibility study of the project Was carried out by a consultant from one of

the prospective donor countries. No local representative was invited to work

with the consultant. Any input by local personnel was through a committee which
had a majority of expatriate members, many of whom have now left the service of
the USP. New replacements from abroad will come in and stay, for say three
years, implement their ideas and leave. An unsatistactory state of affairs

exists as a result of the chopping and changing of people and not being able to
remedy the problem.

A better investment for the USP would be it local personnel worked with the
consultant from the beginhing as the locél personnel will still be around when
most expatriates have left.

What seemed a generous offer at the time might turn out to be an expensive

exercise in the fong run in terms of obligatory gestures by the recipient

towards the donor countries.




Technology requirements

Most developing countries are deveioping in the sense that they are behind in
technological advancementis. The question which arises is, 'do we need
technology 7' Fiji relies mainly on agriculture and the tourist industry. A

return to living off the land and sea as in the olden days would eliminate the
need for technology. Values and demands in Fiji today however can not be met by
conditions of old, therefore technology is essential to satisfy today's demands

in Fiji.

Computers will serve society in several directions. Labour saving devices,
enterfainment, administration, education, medical, thé listis endless. The
application of computers in any field will have some drawbacks which need to be
weighed against the advantages. For example, will the computer find a place in a
society with high unemployment figures, a lack of technically trained manpower
and a dependence mainly on agriculture and tourist revenue 7

The advantages of cqmputers tn education are made overwhelmingly clear by the
work of many researchers warld wide. With this assumption Fiji can safely
explore ways of utilising the computer in education. Computers in education can
be used as the basis of an administrative system, as a problem solving tool, as
the basis of an integrated learning system and as a subject of study.

Fijii needs a clear definition of the role for computers o address her needs and
demands. Care is to be exercised not to confuse the needs and demands not

applicable to Fiji to those relevant to Fiji.

3.3.2 The Lack of Technical Background
There is a vast difference between the technical background of pupils and
teachers in a developed country and that of pupils and teachers in a developing

country like Fiji. This is not io say that the difference does not exist among

other users of technology. With this in mind a user manual for equipment




intended for British schools needs o be revised before being released in a
developing country. Assumptions applicable to a British user are not as obvious
to a Fijian user. This applies mainly to the very basic literature which is not

as detailed as more advanced handbooks which are not intended for the end user.

3.3.3 Compromise and Improvise

The author’s experience with computers in education in Fiji so far has shown

that there is a need to improvise in many instances. This is rﬁore so when
resources are scarce, especially in new technologies. Improvisation in

technology needs a technical background in addition to acquired technical
knowledge. Local people in Fiji do not have a technical background, and they

look to expatriates to provide the insight gained from a technical background.

The uncooperative attitude in some quarters towards technical innovation needs a
readiness on the part of the innovator to compromise. This uncooperative

attitude is due mainly to the fact that peopie do not understand the new
technology, and are afraid of the change.

Some headteachers were not sure of the advantages of computers and were not
prepared to give up time to accommodate the new technology.

Compromise in this case was the author giving up free time to accommodate
teachers at the school who were prepared to attend computer classes during lunch
times and after school. |t needs total dedication, from at least one member of

staff, for a computer programme in a school to succeed.

3.3.4 Public Relations
Before any new innovation is implemented an exercise in public relations is
necessary. In the education system in Fiji it is important to convince various

groups of people if an educational innovation is to be successful. This is

necessary due to the limited support by government and the dependence of schools




on private sources of support which include parents/teachers/iriends
associations and old students associations. When convinced these organisations
could be very resourceful especially at an early stage of new innovations. It is
difficult to attract financial assistance to a new innovation that has no

visible track record to show, especially in developing countries like Fiji.
Computers in education in Fiji will need time, insight and dedication before any

benefits are realised.

3.3.5 Research

Developing countries like Fiji cannot afford to mount research projects on the
scale of the National Development Programme on Computer Assisted Learning
(NDPCAL) in the United Kingdom. The question Fiji should be addressing is how
to implement the findings of projects like the NDPCAL.

Electrification in Fiji is far from complete and most rural schools do not have
electricity. Yoong-Ming and Peng-Yee [8] suggest how to teach computational
mathematics without access to computer facilities at primary, secondary and

university levels.

A primary sch_ool headteacher in Fiji wrote to the author enquiring about battery
powered or solar powered computers. Failing this the headteacher suggested he
was in a position to persuade the village elders to allow the use of the village
electric generator on some afternoons. The village electric generator was
intended for lighting at night only. The author intends to look into the

possibility of this at a later date.

There is scope for research into the use of computers in distance learning
programmes at the University of the South Pacific. Communication and
transportation systems serving the University region of the South Pacific ére

very different from that which the Open University of the United Kingdom has to

cope with.




3.3.6 Simple Programs

Due to the lack of technical background of computer users in education in Fiji,
the use of sophisticated packages like data bases is to be avoided at this
stage, especially in primary schools. The concept of a network or ‘a link up like
teletext will be too complicated to assimilate without seeing it in everyday

use. Fiji does not have a television broadcasting service and is not likely to

in the near future.

Simple and easy to operate programs should be encouraged at an early stage in
primary schools. The use of the immediate mode of computers provides a good
exercise in keyboard skills and familiarisation, without any software.

Upper secondary schools and post-secondary students will benefit from using

commercial packages which can be used for learning mathematics.

3.3.7 Public Awareness of Computers

There is still a lack of computer awareness and Fiji needs to tackle the problem
at the national level. The University of the South Pacific and the Ministry of
Education are addressing the problem in some way, but there is still a wide
section of the population not catered for. Computer use is on the increase in
developing countries in the South Pacific (see Appendix E), and there is a
danger of some developing countries becoming a marketplace only for

sophisticated computer technology.

34 The Remainder of the Thesis

The rest of the thesis will attempt to answer these guestions and put forward a
case for the use of computers in education in the teaching of mathematics in
Fiji. The type of software to be used and the administration of computers in
mathematics teaching in Fiji will be highlighted.

First the implication of computers in education is reviewed. A definition of




computers as used in education is formulated and the relationship of computers

to mathematics learning discussed.



CHAPTER 4

4 COMPUTERS AND EDUCATION

4.1 A Definition of a Computer

Many different definitions of computers, derived in various c.ontexts, axist

which result in confusion and, sometimes, misuse of computers. Due partly to
manufacturers who are interested mainly in selling their products and to
misinformed sources, there is a common belief that computers are indispensable
in industry, commerce, entertainment and education. The public at large are led
o believe 'that the computer holds great promise for education. The search for
the realisation of this belief is a continuous process. Due o the complexity of
computers the great promise in education has remained vague, and often
disguised and misleading, causing a iiteral misinterpretation of what computers
offer. Literal misinterpretation of computers by educators leads to complacency
in attempts to understand the technology giving rise to ighorance of what a
computer is.

In a recent survey carried ouf b'y the author on secondary school students eighty
per cent of those asked to give a description of a computer said 'it's a

machine’. Dr Johin Lovell, a Fullbright Fellow at the University of the South
Pacific (USP), Fiji, whao brought the first microcomputer to Fiji in the early
eighties and contributed in some way to the introduction of microcomputers at

USP, defined the computer in one of his seminars at USP as a 'doer’. A point

missed by many is that a computer, unfike a washing machine or sewing machine,

is not designed to do things. The educator who misses this distinction between a
computer and ordinary machines tends to look for a definition of computers in
ordinary places. This leads 10 a common, misleading, literal definition which

tends to give rise o erroneous implications and applications.

This chapter will attempt to provide a definition of the computer that is




usetful for its use in education. it also describes the components and workings
of a computer which could be used in the sfudy of mathematics.

411 Computer as a Calculator

Common definitions of 2 computer are related to characteristics which set it
aparf from other types of calculators. The speed, accuracy and enofmous storage
capacity are three such characteristics normailly teferred to in definitions.

These three characteristics are highlighied by manufacturers as inducements to
usérs to buy a particular product. The incomplete statements in advertisemenis
create popular beliefs which, due to lack of knowledge, become accepted. The
hasty use of words and lack of ciear language is a source of philosophical
problems and results in faulty conclusions. In attempts to define computers with
unclear and irnp'recise language the discussions are littered with half-truths and
incomplete conjectures. The definition described here will attempt to avoid
ambiguity and confusion by using clearly defined and precise words. The
description given is aimed at making the educator more appreciative of what
computers can offer education. The three characteristics, speed, accuracy and

storage capacity, are investigated here to give a clearer understanding.

Speed of Computers

Speed is offen used in describing computers, but is rarely fully explained.
Advertising brochures give descriptions that only mean something to the
prbiessionai, but what is attempted is a definition of speed that {he user
should be aware of. The speed of computers includes a multitude of activities
which confribute to the time camputers take o carry out a particuiar task.
Speed needs to be more fully defined so as not to mistead or confuse.

As an example of the half-truths and incomplete words, take the claim by Paul

Siegel [9], that a computer can multiply two ten digit numbers in the time it

takes a jet plane to fly an inch. The time referred to by Siegel is unclear and



this leads to different interpretations. Does the time referred to include the
time taken to write the program, input the data, output the data etc? This is
seldom clearly defined when the speed of processing with a computer is

discussed. Failure to identify the difference between the time to prepare the

computer o do a iob and the time it takes the computer to do the job can be

disastrous when computerising jobs previously carried out by hand. The

distinction between the two times is important to the potential user who will be

faced with the problem of purchasing software to run the computer. The novice
user, especially in places like Fiji, unaware of this distinction, genuinely
feels robbed when confronted with ’the price of software that has taken a long
time to develop. |
The students, comparing the solution of simultaneous equations by writing a
computer program in Basic to solve the equations with using an electronic spread
sheet (see Appendix F), highlighted how fast the computer Basic program
displayed the solution of:

alx +bly =c¢t

azx + b2y =ce
after the values of a1,b1,c1,a2,b2, and c2 were entered. None of the students
considered the time it took to write the Basic program. They considered the
Basic program soiution faster than the solution derived from using the
spreadsheet simply because the entry of data in the Basic program is easier than
with the spreadsheet. The Basic program displayed the prompt to enter data, and
on pressing return the solution immediately appeared. With the spreadsheet the
cursor had to be moved to the appropriate cell for the entry, and this was
repeated six times fér a pair of simultaneous egquations. The students wrote the
computer Basic program, but the spreadsheet was pre-written. in deciding which

was faster they considered the time it took to write the program in Basic, and

the time it tock them to enter data on the spreadsheet. These were considered in




isolation not as part of the time it takes to solve the problem. 'Speed’ was not

clearly defined.

Time Involved in Software Development

The time taken to produce the software depends mainly on the size of the task to
be computerised and the expertise of the personnel available. Large systems will
entail long hours of planning during the system analysis stage to produce an
acceptable flowchart. Decisions on storage and display media will depend on
hardware availability and system requirements. The speed of analysis and actual
programming is also greatly atfected by the capability of the analyst and

programmer.

A poorly defined problem takes longer to complete than a well defined probiem.
The poorly defined problem for computers in the South Pacific may arise due to
the lack 6f knowledge about what the computer is capable of. The author’s
experience in the South Pacific shows a tendency to define the probiem to suit
the program instead of designing the program to suit the problem. This practice

appears to flourish where there is a general lack of computer expertise.

Time Involved in Computer Processing

The speed of processing includes the time taken to:

(i)  Prepare Data
Whatever form the input data takes they have to be, in most instances,
initially input manually. There is a validation check involved when
the raw data is checked for inconsistencies due to human error.

Preparation is complete when data is verified.

(i)  Input Data
Method of data entry can be 'batch’ or Teaitime’, and they each have

their advantages and disadvantages which invoilve speed. Data may be



manually input from a keyboard or electronically read as in optical
character recognition systems, both contributing to how fast the job
can be done.

(i) Processing
Once data is in memory ready to be operated on, the electronics need
to move the data around and this involves access time, which depends
on the storage media used and the method of access; for disk systems
positioning time, head load time, latency time and transfer rate time
are all relevant when considering speed.
The actual processing time is very fast and is measured in
milliseconds, but it becomes noticeable and tedious when vast amount

of data are to be processed.

Accuracy of Computers

The accuracy of the computer is taken for granted with the assumption it will
never output an incorrect response. It is rarely recognized that accuracy of the
computer also depends on the accuracy of the inputs and the accuracy of the
instructions contained in the program. Errors in inputs and procedures in
computing can be expensive. The accuracy often referred to in computers is the
ability to perform calculations to a greater precision than is manually

practised. Furthermore, computers will not mistake addition for subtraction and
will not suffer from stress and strain which affect human accuracy. Given the
right instructions the computer will predictably perform and output the correct

result.

Computer Storage Capacity
It is common knowledge that a computer has a larger capacity for storing

information for recall than humans. Including storage devices like magnetic

tapes and disks this capacity tor storing information is theoretically without




limit. When storing large amounts of information the question of refrieval
becomes important. Storing is only meaningful when whatever is stored is
refrievable.

When considering the que_stion of storage capacity of computers, the questibns
regarding which information is to be retrieved, how it is to be retrieved, how

is it o be displayed and how qguickly it can be retrieved are all relevant To

store data on magnetic tapes for an enquiry system will not serve the purpose of
using computers for fast retrieval of information. The vast storage capacity of

computers is only meaningful when used in the proper situation.

A little exira care with words and language used to discuss what a computer is
will present a different view from that which is commonly acceptfed. The common
belief that a computer is fasi, accurate and able to store a large quantity ot
information may be correct but does not go far enough to‘provide a complete

description of a computer.

Careful use of words and language is only a preparation to a definition of a
computer which will be usefui in education. The next step is to look at current
definitions and the history of computers which have supported each other giving
them credibility.

4.1.2 Current Popular Definitions

Among the accepied methods of deﬁning an object are, naming the object and
describing the object. The two modes are used exfensively in attempts at

defining computers.

Literal Interpretation of Computer
The name 'computer’ is regularly used to refer to an 'electronic digitai

computer’.
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Electronic

The word 'electronic’ creates the false impression that a computer is an

electronic gadget. Computers can also be mechanical. The electrification of the
computer gives it speed, which is very useful when using the computer, but speed
and the use of electricity are not essentia!. properties for a device to be

classed as a computer.

Digital

The word 'digital’ creates the impression that computers represent quantities by
numbers only, and it only deals with numbers. Analogue computers represent
quantities by analogy, like a thermometer which outputs a distance proportional
to temperature. An electronic thermometer produces a voltage proportional to
temperature, Most computers are digital, but this does not imply thatto be a

computer a device has to display quanfiities as numbers.

The conclusion that a computer deals in numbers only, derived from the word
'digital’, is reasonable but is a serious drawback when an understanding of
computers is sought. The word digital refers to the way information is
represented and not to the naiure of the information. Computers deal only with
digital information. The ASCII code, shows the representation of characters as
used in modern microcomputers (see Appendix G).
Computer
The name computer itself suggests the commonly held view that computers are used
only for arithmetical calculation. This is a fallacy as computers can.execute
any well defined procedures that involve the processing of symbois or characters
whether they are numeric or otherwise. For example the computer procedure below
will add an 's’ to any string of characters, alphabetic or non alphabetic,
entered:

input” word ";w$

plural$=w$+"s"
print plural$

Q0




The procedure above is not restricted to numeric characters.

The fact that adding machines, calculators, and arithmetic machines are part of
the computer’'s lineage does not restrict computers to numerical operations
solely. This lineage is laboured by historians who subscribe to the origin of

the definition that a computer is a fast adding machine.

The Simplified Descriptive Definition
The descriptive definition of the computer again reinforces the limited

definition associated with number processing.

Adding Machines

The familiar adding machine provided a convenient reference at a time when a
fuller understanding of computers was being investigated. Computers process
symbols and do calculations. The processing of numbers is only part of the wide
spectrum of symbol procéssing. Symbols, whether numbers or otherwise, represent
information and computer processing is the processing of information. When
considering the effect of computers on revolutionizing data processing, the
definition of 'a /farge and fast adding machine ’, daes sound insufficient. With

little on offer as an alternative, the concept that a computer is a mere machine
doing menial tasks when required, is passively accepted.

Larger Brain

An alternative to the above descriptive definitions is that of ’a large brain

which can make decisions about what and when to do something’. This alternative
takes account of the ability of the computer to deal with concepts rather than
physical phenomena like motion. The ability to deal in abstractions is a
distinguishing feature of humans from other living creatures. The computer is
closer to humans than most living creatures in this respect. The computer can be
directed to keep track of many conceptual entities like names, addresses, colour

and so forth. The computer can deal with concepts because it can make decisions




based on class membership, size or other defined criteria. The two popular forms
of definitions of computers, the literal interpretation of the name and a
simplified description of the computer, create confusion and oppdsing views if

taken together or separately.

4.1.3 Historically Derived Definition

To add to the confusion the definition derived from the history of computers is
also misleading. The word 'computer’ and 'count’ are derived from the same word
in Latin, '‘puto’ which means reckon. This encourages the concept that counting
devices are the same as computing devices. This is not faise but is only part of
the whole story. With this common link in their origins, historians begin their
discussions on calculating devices like the abacus and cantinue with devices

like the slide rule, Napier's bones, the fiyball governor, Pascal's calculator

and Leibniiz's stepped wheel. This eventually leads to the calcuiating machine,
thus reinforcing the misconception about computers as calculating machines. The
historian has looked to the past for something to back up what is aiready a
popular belief. Calculating devices are computing devices, but computing devices
encompass more than just caiculating devices.

History has also indicated that computers have exisied for several thousand
years. Cavemen’s scribbling on walls, markings on sand, fingers for counting,

hourglasses and Babylonian maps are cited as some sort of primitive computers.

With appropriate technology the Greeks might have invented the first computer.
Gerald Hawkins [10] in his book, Stonehedge Decoded, describes how he used a
computer to prove that Stonehedge, the ancient Druid temple, was built to be a
computer. Harold Borko [11] in his book describes how divers discovered an old
Greek computer off the shore of the Isle of Antiythera. B.V.Bowden [12], refers

to Gebert, who later became Pope Sylvester |l in the tenth century and was said

to have made a bronze head which would answer 'yes’ or ‘no’ to any question put




to it. Reference is also made to Blaise Pascal who, in 1642 at the age of
nineteen, built the first digital calculating machine as a present to his | |
father. All these references may be legitimate to the discussion of computers

but is not enough to justify defining a computer as a calculating machine.

Charles Babbage
The case of Charles Babbage is further evidence that historical events cannot be
linked to the current developments in computers. Babbage was born in Devonshire,
England, in 1792 and spent his fortune and lifetime developing calculating
machines. A model of a calculating machine called the Difference Machine
completed in 1822 was designed to do certain calculations using a procedure
called 'the method of differences’.
To demonstrate the meihod consider the equation:

y = x*x-3* + 2
To evaluate the values of y using the ‘method of differences’ first calculate by

hand a few values and the Differences D1 and D2 (see Table 4.1)

TABLE 4.1
x y D1 D2
o 2 - -
1 0 -2 -
2 0 0 2
3 2 2 2
4 6 4 2
3 12 6 2

The difference column D1 is derived from the difference of the current value and |
the previous value ot y, and column D2 is derived from the difference of the

current value of D1 and the previous value. Note that the values in column D2




are constant. Should the value of column D2 not be a constant, another column,

D3, has to be evaluated, and so on until a difierence column value is constant,

The next value of y is evaluated by first calculating the value for column D1
given that D2 wili be 2.
Diwiibe2+6=8
Y willbe 8+ 12 =20; when X =6
Successive values of Y may be calculated in this way.
The method of differences works for other equations as well and this was a major
contribution by Babbage in designing a machine to carry out the procedure.
While the construction of the Difference Engine is not an easy task, the 'skill’
provided by the procedure gives the machine its sophistication. When a procedure -

is expressed in terms that are clear and unambiguous it is not incredible that a

- machine can be constructed to execute the procedure. To feed numbers into his

machine Babbage adopted the method of Joseph Marie Jacquard, a French weaver who

invented the meihod of using punched cards. Jacquard used punched cards in his

loom to allow needles to pass if there is a hole and restrict the passage of

needles by the absence of holes. Dr Herman Hollerith, a United States official,

adopted the method in 1880 and used it to process the 1880 United Sfafes census
figures.

Babbage went further than inputting numbers with punched cards. He proposed

building 2 more complex machine to process any algebraic procedure that could be }
described to it. He argued that if Jacquard’s loom can weave any pattern
described by a stack of punched cards, on any fabric in any colours by changing
the colour of the yarn, then in the same way his complex engine, which he called

the Analytical Engine, could be stacked with punched cards describing algebraic

procedures. These cards, called operation cards, could then be provided with

another set of cards calied variable cards, describing the numbers to be




operated on. The variable cards are likened to the different coloured yarns used

in Jacquard's loom.

The pattern of aperations on the operation cards remains the same, only the
description as provided by the variable cards is allowed to vary. An Analytical
Engine can have a library of operation cards describing different patterns of
calculations. Babbage died in 1871 without building his Analytical Engine due to
the lack of the technology level required for its construction, but his work

during the first half of the nineteenth century contained all the ideas

underlying present day computers. Historians find it convenient to link Babbage

to the development of computers. Borko [11], says that due to the demands of
business and government and the advanced technology in the twentieth century,
the time is right to’ renew the vision of Babbage'. The fact is Howard Aitken

(see [13]), who constructed the first digital computer while at Harvard

University in 1939, never heard of Babbage unti! after his construciion was
completed. Aitken was amazed to iearn that both he and Babbage were concerned
with the same problem. With due respect to Babbage the computer belongs to this
century and any reference to history in the definition of the computer will |

remain inadequate.

4.1.4 A Definition Related To Automaton

The study of machine behaviour, the theory of automata, provides an interesting
area to iook to for a definition of computers. Basically an automatonis a

device that has an input and an output such that the output in some way
influences the input. As most machines come under this generality the automata
theorist restricts the investigation to:

(i) machines that process or deal with information

(il  machines that process information which is complex

(i)  the way machines behave and is not concerned with the physical

construction or characteristics of the machine.
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The computer comes under the category described above and can be classed as an

automaton.

Turing Machines

An insight into automaton can be gained from a discussion of the Turing Machine
which was described by Alan Turing [14] in a paper in 1937.

Imagine a machine with a tape running through it like a ticker tape. The tape is
divided into squares with a symbol written in each square. The Turing machine
can perform three actions:

(i) read a symbo! on a square

(i)  write a symbol on a square

(i) move to the right or left.

The three operations together constitute a cycle.
The operation of a cycle can be described as -
10R
which may be interpreted as
if a 1isread, then write a 0 and move to the right’.
The cycle
11R
may be interpreted as
fa 1isread, printa 1 and move to the right’
A string of 1's can all be changed o zeros by applying 1 0R toit.
10R (111111) = 000000

To change every other 1 to zero and leave the others as they are will need a

different Turing machine.
?2(11111111) = 10101010
To achieve the above, the machine will need to be able to use both 10R and 11R

cycles, and furthermore some extra instructions are needed to indicate which of




the two cycles is to be carried ogt at a particular instant.

Firstlabel 1 1R as A, and 10R as B, and then the instruction to

indicate which of the two cycles to follow is tacked on the end.
A=11RB

which says:

' 'if 1isread, print 1, move right, execute cycle B next’.

B= 10RA
which says
'if 1isread, print 0, move right, execute cycie A next.

Applying A will achieve the required conversion

A(11111111) = 10101010
Applying B resulis in

B(11111111) = 01010101
The point about a Turing machine is the simplicity of its basic operations which
when strung together can make up a complicated set of procedures. [t has been
shown that for any precisely defined computational procedure a Turing machine
can be constructed to execute the prdcedure. Because a Turing machine is
completely defined by its procédUre each procedure will require one Turing
machine.
To avoid constructing machines for every procedure, a Universal machine is
constructed {o imitate the necessary machine to execute whichever procedure is
input. The Universal machine is no longer dedicated to one procedure and the
computer is such a Universal machine.

Part of the input into the computer describes

(i)  which machine is required to execute the procedure
(i)  the procedure to be executed.

Without a description of the machine to be imitated and the procedure to be




executed, the computer is not capable of executing any action, and it is likened
to an incomplete machine. With a program the computer can imitate a calculator,

a typewriter etc.

This is a major difference betw.een the corﬁputer and other machines. While other
machines are designed to perform a particular procedure, the computer is not a
machine until provided with a procedure, when it will imitate the machine
required to execute the procedure. A discussion of the a definition of computers
should be a discussion about procedures. It will be shown in the next section

that procedures related to computers are special types of procedures.

Procedures

The type of procedure required for computers has two roles to play:

() it provides a description of the type of machine required, and

(i) it defines the process to be executed.

Procedures that satisfy the above are ‘computational procedures’ and they solve
computable problems. A computable problem is one that has a suitable set of
rules for going from the inputs to the outputs. Information processing problems
are computable if they satisfy the criteria of a well-defined set of rules for

going from inputs to outputs. A large proportion of computable problems are those
dealing with information processing.

Not all rules are computable due to vagueness and ambiguity, and some nheed some

form of decision to determine the cutcome.

PROGRAM 4.1
inpuf x

input er

y=xl2

start:

a8



z=(12(y+xly)
error=abs(x-y*y)
k=k+1

y=z

if error<erf then finis
goto start

finis:

print y;erk

end
Computational Procedures

Not ail computable procedures will yield an exact answer or guaraniee an answer,
The procedure in Program 4.1 is computable and will compute the square roct of a2
number 'x’, using the iteration z = 12(y + x/y) where y is the previous
estimation. lteration methods seidom yield an exact solution. Program 4.1 works

according to the following procedure:

read a value for 'x’, the number whose square root is to be calculated

e

read a value 'er’ indicating the accuracy of the solution sought
calcuiate y=x/2, the first approximation

calculate the value of z=1/2{y+xly)

evaluate error=abs{x-y*y}

increase the number of iteration k=k+1

replace the value of y by z

if er is less then error goto step 10

w o ~N O ;oW N

goto step 4
10 print values of v, er, and k

11 stop.

An input of x=144, and error=0.1 yields
y = 12.000505968 afier B iterations.




With the same value of x = 144, and an error value of .05 the solution is the
same as above. |
y = 12.000505968 ‘
An error value of 0 for the same x value, yields the exact value
y = 12 after 7 iterations. |
The accuracy of the result depends on the procedure and the information
contained within the procedure and not on the computer.
An input of x =-144 does not give a solution. This is due to the inadequacy
of the procedure described in Program 4.1.
An amendment to the procedure as shown in Program 4.2 will cater for negative
values of 'x'.
PROGRAM 4.2
input x
initialx=x
x=abs(x)
input er
y=x/2
start:
z=(1/2)*(y +xly)
error=abs(initialx*initialx-y*y)
k=k+1
y=z
if er<error
goto finis
else
goto start

endif

finis:




if initialx<0
print str(y)+"i";er:k
else
print y.er;k

endif

end

Without the amendments, the computer will execute the instructions continuously
without stopping, as if the problém did not have a solution. The best that can

be achieved is to report there is no solution and come ta a stop.

Computational procedures are algarithms which terminate when a solution is

reached or when the non-existence of a solution is ascertained.

Heuristics

With the speed of computers today there is a tendency to solve all problems

which possess a computational procedure without any regard as to how long and
complicated the procedure is.

Take the case of Simon Claude who first suggested the idea of a chess playing
machine. Claude calculated that there is something of the order of 10‘.?0'

possibilities for moves in a chess game. Let us assume that Claude

overestimated the number of possible moves and that there are only TOTLOJ

passibilities, and further assume that the computer can explore ocne million

possibilities in a second. There are 31,536,000 seconds in a year. Therefore in

one year the computer can explore 31,536,000,000,000 possibilities, and it will

take the computer more then one million years to go through 10'.2'*0,: possibilities.

With a complex set of procedures as in chess the alternative action is to decide

on the best option from a few selected possibilities thus reducing the length

and complexity of the procedure.




This approach, known as heuristics, is a rule of thumb method and does not offer
the same guaraniee as the algorithmic approach. Computers may be instructed to
execute heuristic procedures by considering priorities among them. Whereas the
sequences of heuristic procedures may be probab"listic and Without guarantee of
an optimal solution rather than certain as in algori_thrnic procedures, heuristic
procedures can be structured 5;0 that no understanding of the procedures is
required to execute them.
The clarity of a procedure depends to a large extent on the ability of the user
1o comprehend the procedure. In describing the pro_cedure to be executed by a

| Turing machine, the procedure .also defined the machine to execute it.
Consequently part of the qualification for a computational procedure is the
ability of the reader to understand the procedure, otherwise the expected
accurate output will not materialise. The description of the Universal machine
included the ability to read the description and imitate the machine required to
execute procedures. The theoretical Universal machine, and its real life
counterpart the computer, is able {o read computational procedures as a

blueprint for a particular machine and also as a set of rules to be executed.

Concluding Remarks

This section has put forward the view that a computer is an incomplete machine,
waiting to be completed by a procedure which will convert it into any machine
the procedure can describe. The machine is a consequence of the procedure and
not the determinant, therefore procedures come bhefore the machine logically and
chronologically. The obvious language to discuss computers in is the language of
procedures. As a conseguence of this description .the obvious language of
discussion of computers is in terms of procedures. This provides an opportunity |
to study computers without actually possessing a computer. The implications of
this for developing countries like Fiji is attractive considering the difficuity

of purchasing and maintaining hardware. Rural schools without electricity can
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study computational procedures without access to computing facilities. When
pupils from the rural primary schools in Fiji come to secondary schools, where
hardware is more likely io be available, they will be better prepared if they

have had one or two years of studying computational procedures.

The author has experienced siudents skipping the task of writing their

procedures down first. Instead they try to sort out the procedure at the

keyboard. This practice might work for simple programs, but is uneconomical in
terms of time when there is a shortage of machines. The study of computers in
terms of procedures provides a role for computers in education where hardware is
not necessary.

The next section looks at the development of computers in education.

4.2 Computers in Education: An introduction

in view of the definition of computers discussed in the last section, a process
intended for computerisation needs to be

(i) expressed in procedural terms

(i}  the procedures used must be computational.

This offers the educator an opportunity to analyse educational processes when
considering computerisation. Put in another way computers in education is an
exercise in educational analysis. The process to be computerised needs to be
looked at carefully and a fully comprehensive understanding of the process is
required. To those involved in education computerisation should present an

opportunity to review their knowledgqe of the profession.

There were areas in education that were sufficiently procedural to be ready made
for computerisation. Office procedures in administration are well-defined
processes involving inputs and outputs. The production of school reports have
carefully defined and well used procedures. Record keeping which supports report

production is another area that is ready made for computerisation due fo its




procedural nature. Due to the many variables involved in classroom activities,
computerisation in the clssroom is a complex exercis_e. Work already done in this
area of computers in education should provide initiatives for countries like

Fiji which are still in the initial stage of using computers in education. |

The importance of selecting the right process for computerisat.ion is discussed

in detail as wrong selection can defeat its very purpose which is to enhance

learning.

4.2.1 Programmed Learning

Developments in programmed learning encouraged the use of computers. Programmed

instruction is a mode of instruction whereby information combined with questions
are presented {o the learner. The gquestions are often implicit in form with

blank spaces in the written material to be filled in by the learner. The answers

to the questions are conveniently available depending on the method of
presenting information and guestions. Twao methods of presenting programmed
instructions evolved, the printed text and teaching'machines. Programmed
learning employed two techniques of programming: linear programming and

branching programming.

Linear Programming

Three characteristics of linear programming are

(i) its derivation from behaviourism, in the principles of operant
conditioning. Skinner [15] identifies three pocedures involved in
linear programming
1 Programme output - some material is presented to the pupil
2 Student input - student responds to the programme output
3 Programme reaction - the programme presents the next lot of

material which is pre-determined by the author of the programme




and is in no way influenced by the student’s response.

(i) linear programming is systematic in its presentation. The programme
consists of a series of presentations of information, followed by
searching qu_esiions on the information previously presented, followed
in turn by an analysis of the possible answers the student may have
given to the previous guestions and so on.

(i) linear progamming reinforces correct responses and is self pacing. The
programme reaction in (3) above is only relevant if the student’s
response in (2) is correct. The pre-determined programme reaction has
no corrective element in case the student’s previous response is
incorrect. Students can work through the programme at their own pace
giving the linear programmes some degree of individualisation.

The systematic presentation of information in linear programming is not flexible

enough to allow the individual requirements of students to be addressed. The

order af presenting information is pre-determined by the author a.nd succeeding
presentations are only relevant if the student's previous response is correct,

Any individualisation in the programme is only in the way a student can work

through the programme at his own pace. There is no individuality in the material

received by students nor the way the material is presented. All students will

receive the same informaftion in the same order.

Branching Programming
Crowder [16], modified Linear programming by letting the student's response in
(2) above influence the programme reaction in (3). Crowder wrote:

' the essenbial problem 18 thal of controling & communicanon process by

e use of feeaback. ThHe siudent s response serves primarily as & /means of

aelermining whether he communicalnon process has been effective and at the

same lime allows appropriate corrective action to be faken.’

In a branching programme after an incarrect student response the student is
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directed to an alternative presentation of the same informafion and then

retested. A correct response is followed by new information and so on.

The teaching actions are directed by the student's responses; two students do

not necessarily follow the same pattern of information presentation.

The less able student will experience more varieties of presentation styles of

the same information, |

The new procedure resulting from branching programming, labelled 'adaptive

teaching programme’, is defined by Atkinson [17], as a programme where the

sequences of instructional actions taken by the programme varies as a function

of a given student’s performance history.

Compared to linear programming, branching programming

(i) can display more information as the correct response is not as
important as in linear programmes

(i)  accepta student’s response that does not fit perfectly with stored
alternatives

(i) comments on a student's response and él[ows a step to be repeated if
necessary.

There is more work involved in branching programming than in linear programming

due to its more complex nature. An extension of branching programming is

Generative Programming which generates material,. problems, solutions and

relevant diagnostics as and when it is needed while the programme is in use.

Generative programming was developed for two main reasons

(i) fo ease the author’s task of preparing teaching materials. These
included information, problems, solutions and diagnostics
(i)  the belief that in some situations students learn better from

attempting problems of an appropriate difficulty than from attending

1o some pre-conceived systematic exposition.




Programmed Learning vs Computers
Early teaching machines lack the technology to adequately meet the demands of
current teaching theories. For instance, testing the student’s response in
linear programming is not possible. This would involve the comparison of a
student’s response with the stored correct response which would he available at
the appropriate time in the programme. An unsatisfactory alternative was to
allow the students to do a self-evaluation of their responses. The requirements
of linear programming and the demands identified in the development of branching
programmes and generative programmes were adequately met by the computer.
The ability to store information in the computer enabled the storing of
(i)  a greater variety of possible responses
(i more than ocne method of presenting information
(i) arecord of the students’ performance which is useful in determining

which route to proceed in a branching programme.
The decision-making ability of the computer is ideal for branching procedures.
The speed of computers is needed when comparing students’ responses with several
options. When early teaching machines were unable to accommodate long and |
complex branching procedures, printed texts were used. Printed texts did not
stand up very well to constant page turning which was a feature of branching
procedures. Page turning became a tedious exercise for the learner as well.
Computers could handle more information than printed texts without the
inconvenience of page turning. When using programmed texts, students are able to
fock up the correct response without previously having answered the questions.
With computers the user has to input a response to the question before the
correct response is made available. There is a preference among students for
keyboard working rather than reading texts. Input and output media in a computer

environment do not wear out and look unsightly like dog-eared texts, so might be

said to be much cheaper to produce and maintain. The random number generator of



computers enables programmes 1o provide a variety of different problemns and

present information and problems in a random order.

4.2.2 A Procedural Approach

Looking to the classroom for a procedural process the early CAL practitioners
found a ready-made candidate in the elementary standard ciassroom exercise of
drill and practice. Drill and practice is a universal and popular teaching
technigue, especially so in mathematics. The practice involves the presenting of
facts to the student who is expected to retain them. The student is then tested

to ascertain that the facts have been retained. It invariably turns into a
memorising exercise. The procedure of drill and prabtice requires the teacher to
present the facts. The presentation can be oral, read from a book, or written
notes on the blackboard. The testing can be oral or written. The questions are
phrased such that the correct response can only be provided by remembering the
previously given facts. For example, the well-worn multiplication table says,

'two threes are six’” When prompted with 'two threes’ the student is expected to
respond with 'six’ from memory. If the student has forgotten the phrase ‘two
threes are six’ it is doubtful that the student will arrive at six by adding

three and three or adding two and two and two. A correct response from the
student is rewarded in some way and an incorrect response is also indicated in
some way. In mathematics drill and practice is commonly held orally where pupils
are on public display to the rest of the class. A teacher would call out the
guestion and nominaie a pupi-i o give the answer. The pupil has to stand and
call out the answer. An alternative is for the teacher to nominate a pupil to

ask a question. The pupil asking the guestion then nominates who is to answer.
The popularity of the oral drill and practice from the teacher’s point of view

is that it does not take up time to mark written responses and there is less
preparation needed, especially if the pupils are nominated to ask questions. It

is relatively easy to execute and can be treated as fun games by pupils.




for computerisation. Many early applications of CAL were in the area of drill

and practice where the computer is used in place of teachers and text books, to
present facts and test retention. The pupil sits at a keyboard and under the
computer’s control practises some procedures or memaorises some facts mainly in
the areas of basic skills like arithmetic, spelling drill and fofeign language

vocabulary memorising.

Stanford Drill and Practice
The Stanford arithmetic drill programfne is one of the most well-known of the
early CAL in drill and practice. Directed by Patrick Supbes and based at
Stanford University in the Unifed States, the Stanford programme was an’
extensive pioneer in the field of driil and practice usihg computers. The
popularity of the Stanford programme was indicated by the rise in the numbers
using it from 1500 in 1966 to more than 8000 in 1969, see Suppes [18]. Suppes
intended the programme to drill and review students on concepts previously
covered by teachers in the classroom. This was an attempt to give the teacher
some conirol aver the progress of drill énd practice by the computer.
Though popular (the Stanford Drills are taken by more than 150,000 students a
year Suppes, [19]), Licklider [20], made the following comments in 1962:
Although the leactiing procedures called ‘arill” have unpleasant
connolations, there is litle coubt that accumiulation of facts and
elementary befiavioural capabiities are prereguisite fo aavances at
conceptual and ntegrative /evels. Drill has a funoamental,
provaedauiic kirction. Moreover the following /acls shotld be
considered.
7 Inpresent educalional systems a /arge fraction of the lolal time
ana effort is oevoted fo aril,
2 ltis inelfficient fo have n-1 chilcren sit idly by while the n th
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2 [tis inefficrent fo fhave n-1 children sit idly by while the n th
reporis that 3 x4 =12.
3 Nevther leachers nor pupils enjoy present kind of drills enough
o gppose iis aulomation.
4 Autornation of drilf can be accomplished with refatively small
IPVESHTIEN! 117 IISTUICHONE! Drogramuiing and cormputer

programning.’

Young [21}], raised some psychological advantages, saying that emotions
experienced by those that practise drill and practice in class are not apparent
in automated versions. The public display in the non-automated version is

replaced by the privacy of one pupil/one machine situation. The non automated
| drill and practice classroom version. is sometimes looked forward to as a time
for ridicule by some pupils at the expense of others. The automaied version is
tailored to the individual pupil without the risk of public scrutiny.
While automated drill and practice may not be a creative or imaginative exercise
it can serve a useful purpose in protecting pupils from public scrutiny which
could be psychoiogically disastrous. The fact that drill and practice is
unohjectionable, with its psychological advantages as ﬁ)ointed out by Young {21],
and the advent of cheap microcomputers has énabled this form of CAL to survive.
Drill and practice were identified as procedural when selected for automation.
It has its merits but is fundamentally limited. It does not make more than a
marginal contribution to education.The approach identified a process that is -
limited in its educational value. The fact that a process is practised, and fits
the computer should not be used as criteria for candidacy for computerisation.
Seymour Papert [22],says:

How strange 1t 1s, that compulters in edicalion should so offen readuce

7o using bright new gaagels fo fteact the same old sfuff i rmnly

aisgursed versions of the same ofd way.




Fubini [23] voiced his concern over the uncritical automation of educational
practice when he said:

7 am opposed fo using the new lechnologies mainly as direct

subsitutes for old melthods!
Fubini implied this is the first stage, when the new t{echnology is used to do
something already being done, but in a better way. He further says:

The second siage /s when we employ e discovery 1o do something new

nanew way (23]
The computerising of drill and practice without a critical assessment of the
~ educational value is to confirm its usefulness, missing out an opportunity to
reassess and perhaps construct a new practice.
Because of the procedural nature of drill and practice, the replacement of the
teacher by the computer, for psychological reasons, was welcome.
The individualisation achieved in autormnated drilt and practice removed any
emotional traumas experienced by some students.
The computer is seen as compensating for
(i) the lack of knowledge about the subject by the teacher
(i) the inability of the teacher to produce individualized instruction
(i)  the teacher's insensitivity to the ways pupils are emotionally upset

in the class.

If the above faults in teachers are to be removed by using computers, then it

may be assumed that teachers in schools must have possessed them. These problems

may be remaoved during automated drill and practice but teachers are also
employed in other activities besides drill and practice.

The reasons for identifying drill and practice as a candidate for automation are
liable to encourage the very faults they presume to cure. Whether educationally
sound or not, old teaching habits, if they fit automation, will be given a new

lease of life when scarce resources like computers are spent on them.




Unsuitable teachers will be allowed io carry out tasks they are not properly
tfrained for, since the computers will be expected to compensate for some of
their inadequacies. By not using the opportunity to thoroughly examine the
process to be automated, there is a danger that computerisation will not benefit
education but cover up some areas that need rectitying. Computers in education
are to be treated as a mechanism as well as an opportunity for proper
formulation of educational processes. When processes are being considered for
computerisation the foremost concern should be the problems the processes are

expected to solve.

4.2.3 A Non-Procedural Approach

The previous approach of identifying ready-made procedural processes has
resulted in encouraging a process that has many faults and shortcomings. it has
shown up some of the problems inherent in drill and practice. A second approach
to computerisation is to look for processes that are not procedural enough but
can be reshaped to fit éutomation. The problem in this approach is the tendency
to overlook educational values in an effort for fitting the process to the

computer.

Author-Controlled Tutorial
The author-controlled tutarial, commonly known as tutorial CAl, is a popular use
of computers in education. Atkinson [24] says of tutorial systems:
‘The point about tutorial systems 1s that one really expecls fo carty
on all he nstriclons in a given area within 1he ramework of the
compuier.’
Referring to the role of teachers in the system, Atkinson [25], further says:
‘The teachers need lo be farmiiar with the material that is beimng
oresentfed over the fiorial system. and they must undersiand the sorts

of supplemeniary acliviies inal lhey can engage m. But wher / ialk




about the tutorial systern, lor example m the area of miial réao?}?g
/ assurne 1al a stuaent could fear lo read by exposure only to the
computer-based currict/um. |
An important feature of a tutorial system is the interaction between learner and
te_acher. The inability of the computer to hold natural language conversation
with the student,unlike teachers, does create a problem.
Richards [26], makes the sugge.stion:
Those subjects thal are most free from atfifudinal comprexiies-those
1 wich e bare ﬁ/peh/f/?/em ractua/ serterce /s wholly adequale o
whal /s relevant in the utterance-are best suiled to present day
compuiter techrique. The mathemarics, the factual sciences, and
languages (If confined stictly fo the handiing of plam sense,
factua! propositions and o conventional formuw/ag) are ihe subjecls
through which the development of comuouler instruction can best be
forwarded’
Early uses of camputers in education dealt with the subjects suggested by
Richards, i.e. trigonometry, statistics, geometry, physics, Russian, beginning
reading and logic. In tutorial CAl the student sits at a terminal and interacts
-with the computer. The student progresses through the programme at his own pace
and thus is provided with personalised iuition. In tutorial CAl interaction
between the computer and thé learner is paramount. in an attempt to achieve the
interaction required in tutorial CAl, early dev.elopers adopted the styles of
programmed instruction and employed the three-part approach to system
programming: stimulus, response and reinforcement. While most adopted the

programmed instruction approach, some ignored the theory and Zinn {271

highlights two examples as:

|
|
|
Mesch of the work done al Penn Siate and Florida State can be :
|
|

characlerised as inarvidualized versrons of lecture, fext or




axamunalion marerial’

Philosophy of Tutortal CAl

Whatever mode of presentation is adopted, a feature of tutorial CAl is the
adoption of programmed instruction philosophy i.e. the instructional material
must be systemaltically developed in terms of clearly stated educational aims.
Various models have been proposed describing how tutorial CAl is to be designed.
Bunderson's model [28] consists of six stages of systematic and complex tasks
for instructional materials development. Bunderson and other tutorial CAl
practitioners have shown that to employ computers properly in education a
thorough knowledge of education is essential. The approach defined by Bunderson
and practised by others can also be employed in other educationai practices and
not confined to computerisation. While the computer, properly conceived, can
become a means of solving certain educational problems, the actua.! sofutioh of
the problem need not involve the use of computers. For some, tutorial CAl has
become the starting point for rethinking and perhaps reshaping some educational
practices. As a result tutorial CAl then offers two options; the possibility of
computerising certain practices, or continuing with classroom teaching of what

is now a systematic and orderly instructional process.

Comments on Early Tutorial CAl

As mentioned earlier there is a danger, in reshaping educational processes to

fit the computer, that the educational value of the process will be lost.

Computers will be looked on as a tool for solving educational problems that
previously seemed impossible to solve. The tendency will be to forfeit

educational values knowingly for the sake of computerisation. As a result the
computer, because of its strengths and/or weaknesses, dictates practice. This
tends to create the myth that technology existed before the fact of its

relevance to education and is therefore external to the system of education. As
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a result the problem is reversed to that of altering educational thinking to
accommodate the new fechnology and the assaciated changes. This approach is
evident in the adoption of programmed instruction for tutorial CAl.

As a result of programmed instruction theory, tutoriat CAl heavily emphasizes

the learning of facts, the control and the conditioning of students. Learning

in terms of observable and specifiable behaviour has been sacrificed for

efficiency and enhanced achievement, The fact that some tutorial CAl derived
from programmed instruction can be satisfactorily achieved with pencil and paperz
is also overlooked. Tutorial CAl addresses efficiency and achievement in
education and leaves out some essentials as summarized by Methene [29]:

Eolcation also has the functions of socializing maiviauals, of
shapmng their valves, of preparing for citizenshp, of conserving
lraaitions, and of imparting sorme sense of awe belfore the wonders of
the urverse.’

Addressing the emphasis on achieverment aspects of education by educational
technologists, Methene adds:

‘The apphcalion of technology fo the imorovement only of the
mstrurmenial funclion of ealcaton may hus becorme arn obstacle o a
socvety that is lrying to rearess the balance between the goals
characleristic of the heyaay of achievement and economic proauclivity
and the greafer plliralism in our values and our cliffure that we are
now begining lo seek.’

The approach which distorts the social values of education for the sake of
automation efficiency and achievement will result in technical richness at the
cost of moral poverty. The replacement of teachers by computers and the
systematizing of educational processes are two features of tutorial CAl, which
if oversimplified will tend to alter the underlying character of the educational

process. The replacement of teachers is also evident in programmes that attempt




to imitate and mimic the teacher to make students feel they are interacting with
a human being. This is evident in attempts at conversation like 'GOOD MORNING
JOHN' or 'VERY GOOD MARY". The fact that conversation is considered suitable for
the application is a misuse of the technology and at the same time degrading the
process being imitated.
Richards [26] states:
C...early atfermpls will seex fo do by compuiters just whal has beer
done ragitionally by select inaiviaual teachers... such
underestimares and ImisUses.... occur whern evern lechnical resources
become avarable.’
When, in the misuse of technology, emphasis is put on effarts to imitate, the
educational value of the process is overlocked and what Scheffler [30], calls
the ' intentional nature of teaching’ is forgotten.
Scheffler describes teaching as:
Teacling /s a aistinchive goal-orienied aclivity, rather than a
distinclively patferned seguence of behavioural steps executed by the
leacher.’
The emphasis on behaviour and procedural processes seem to imply that these two
areas encompass the whole of teaching. There is no evidence that this is true,
and thinking about computers in education presents an opportunity to analyse

matters of this nature.

4.2.4 Systems Approach in Instruction

Due to early popularity ot systemizing instruction(Bunderson’s model includes a
systems approach) it was envisaged that instruction can be engineered.

Stake [31] contributed to the idea of educational engineering with a view of
educational technology that goes well beyond the use of machines which he called

the 'science of education’. Stake defines the goal of the science of education

as.




the aiscovery of 1‘/76' princples and rules /s the goal of the science
of eaucaiion.....lhe practical orgarnization and épp//ba//b/? of those
rues s the goal of the rfechrnology of instruction. ’
The conclusion derived from Stake is that teaching is totally procédural, a
skill which can be practised without insight into the process.
Stake concludes:
/15 clear thal leacher insight 1s not @ necessary precaulion for
etfective leaching.’
As / see 1t in the instructional-sysiem schools, all concepts and
Shills - /hfe//ec(ua[ arfective, and psychomaolor - will be
programmed.’
Stake's idea of science does not reflect the scientist's sense of enguiry and

- exploration, but presents a self-satisfied educational engineer.

Some Early CAl Projects
The conclusion from Stake's philosophy was not universally accepted by CAl
practioners. Early CAl was alsg aimed at research into structural strategies,
madterials development, learning styles and similar investigations. CAl was used
as a tool for research as well as for instruction as shown by the projects:
(i)  CLASS Project
Based at Systems Development Corporation in the United States, CLASS
was established
"fo provide an opportunily fo explore the nmportant interactions
among insiriiclional method, siudent and subfect matier

variables.’

(i)  PLATO-Il (Programmed Logic for Automatic Teaching Operation)

Based at the Coordinated Science Laboratory at the

University of lllinois, listed as its main goal:




(iii)

' development of an aulomalic feacting system sutficiently

Hexible fo permit experinenial evaliration of large varely of

ldeas on automalic instruction,’ Bitzer [32].
The PLATO system has a long history, from 1960 with one terminal PLATO
[, up to the National Science Foundation funded PLATO IV of 1971 with
950 terminals located at about 140 sites and about 8000 hours of
instructional material contributed by over 3000 authors.
Alpert [33] listed the aims of PLATO IV as:

‘lo dermonstralte the fechrical feasibilily of a truly nove/

compuiter-based education network

o prove har the sysfe/}z /8 manageable, economicaly viable, and

capable of serving a variely of institutions at any educational

leve/

1o develop currictiar materials for the new meaoinm

fo develop acceplance by mstruclors-tisers and

SEITENLS OF @ New meaiim designed for mcreasing

the elflectiveness and prodictivity of the

mnstruchional process.”’
TICCIT (Time-shared Interactive Computer Controlled Information
Television} Project _ .
Funded by the National Science Foundation of America (NSFA) in 1971
and managed by the Mitre Corporation,the purpose of TICCIT was to
design and develop hardware and software for a computer-assisted
learning delivery system.
The aim of the project was to demonstrate that computer assisted
learning:

‘can provide loaay betler nstruction at less cost than

lraditional instruction in community colfeges’, [33].



TICCIT was not designed as an addition o regular classroom teaching

but as the main source of the delivery of instruction.

(iv)  Boli, Beranek and Newman Inc.
A dual purpose project described by Licklider [34], as:
OUr SEIIOUS PLDOSES, OF COLISE, 3/€ r858arch and aeve/loprment
7e5e3rcl7 on /8aring and leac/nng, aeveloomert of @ practioal arnd |

economical system’ |

425 Relevance of Early CA! To Fiji
The early projects discussed in the last section represent the trends of CAl. An
important aspect of early CAl is the application of computers in research and
development. Fiji could have used the opportunity provided by the introduction |
of computers to examine and bring abou_t changes in the education system. instead ‘
it did not take advantage of the opportunity. Bunderson’s model [28] for |
development.of instructional materials for CAl includes the task of:
specitying the social and institulional needs to be addressed by CA/’

This was lacking in the application of computers in Fiji education, (see

Appendix C). The government initiated the move to bring compL{ters into schools
and funded the exercise but did not specify the 'social’ or 'institutional

needs’ to be addressed by computers. The lack of any thinking or planning before
the event was the main source of problems during the formative period of
computers in Fiji education. The early aim of CAl, that of replacing teachers

with computers, Was implied when the government in Fiji reduced teacher
training, introduced volunteer untrained teachers and infroduced computers into
schools. Had the government spent time to analyse the situation properly,

educational benefits would not have suffered for the price of computerisation,

In fact computerisation did not take place, the computers in education in Fiji




in the early 80's served a political purpose. It was an attempt to gain some
political mileage by politicians at the expense of educational benefits.
Problems experienced in education in the early years of computers have already

been discussed in the prvious chapter.

4.3 Computer Hardware

There are opportunities for mathematical experiences in discussions of computer
hardware without real or practical access to the hardware. This could be

employed in situations where hardware is not available and an introduction to
computer technology is considered beneficial. Developing countries like Fiji

should explore the opportunity of studying about computers, if unable to provide

the resources for purchasing hardware. In this instance the benefit of studying

knowledge of computer technology. Like most technolegies, the technology of
computefis full of mathematics (see Appendix H). A description of the hardware

is considered necessary and is given here.

Hardware Description
A description of the hardware system that is to be available for teaching
mathemaltics is considered necessary in this instance for two main reasons:

() it is useful to know something of the physical features of the system

mathematics of computers will be twofold: [earning mathematics and gaining some
referred to in the succeeding discussion
(ii‘) a computer hardware discussion can provide opportunities for

mathematical exercises.

Computers are classified into three main categories: mainframes, minicomputers,
and microcomputers. Classitication criteria used vary but in generat:
mainframes are farge and costly ‘
minicomputers are middle of the range

microcomputers are portable, inexpensive, and can be found in homes ‘




and schools.
The profound effect of computers in everyday life is due to the advent of
microtechnology making microcomputers very powerful and affordable by many
people. ltis the arrival of microcomputers on the scene that has enabled
developing countries in the third world to benefit in some way from computer

technology. From here on any references to computers, uniess specified

otherwise, will be taken to mean microcomputers.

Figure 4.1 is a schematic diagram of a simple computer system. Simple in the
sense that the four boxes shown include all the hardware that is required to

carry out mathematics teaching in the classroom.

There are facilities for extending the system, which could be useful to

Extension Courses offered at the University of the South Pacific in Fiji (USP).

The concepts of local area network and computer communication can be of use to
the Extension Services of the LUSP. This is an area needing research at USP and

is beyond the scope of this thesis.

The Central Processing Unit (CPU)
The CPU is the heart of the system and it consists of three sub-units, see
Figure 4.2
(i)  Memory
This holds the Program which runs the computer and part of the Data being
processed.
Memory comes in two versions:
(1) Read Only Memory (ROM) which holds data and program that can only be
read.
Data and programs cannot be written to ROM without any hardware
modifications.

When power lo the system is switched off, data and programs held in




ROM will remain.
(2) Random Access Memory (RAM) is operational only when power to the system is
switched on.
Data and programs can be written to RAM by software and will be erased whe.n‘
power is switched off.
Because of the speed of processing, programs and data need to be in memory,
(RAM), immediately before execution.
To fetch data and commands from external storage immediately before execution
will have a considerable effect on the speed of processing. Data is fetched from
external storage and put in RAM from where it is fetched to be processed. Any
data or programs in RAM that will be required at some later date is transferred
to external storage before the system is switched off. Sizes of computers are
guoted in the number of binary digits the memory can store. Confusion arises
when the user/purchaser is not aware of the difference between ROM and RAM. The
non user should really be concerned with the size of RAM which effectively, is
the available memory. The processing power of the computer is related to the
size of its memory. Microcomputers have storage capacities ranging from one

kilobyte(1K), which is capable of storing one thousand bytes in memory at any

one time, to some with a memory capacity of 1 megabyte capable of holding one
million bytes.
(i) Control Unit |
The Control Unit sequences through the program and delegates instructions to the
other units of the system. In the control unit are three types of registers
which hold data:
{1) instruction register - this holds one instruction of the program while it
is being analysed. The analysis will delegate the instruction to ancther
unit.

(2) instruction counter - this holds the address, in memory (RAM), of the
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instruction being analysed.
(3) status register - contains the current state of the computer and the result

of one or more of the previous instructions.

(ii)  Arithmetic and Logic Unit (ALU)
The arithmetic and logic unit processes data with arithmetic or edits
operations when reguested by the program.
A command is either to:
move data about
do arithmetic

or make a decision.

How Computers Operate
Twa phases of operation describe how the computer operates, Fetch and Execute,
The computer alternates between two phases.
(1) Fetch |
The computer enters this phase when control recognises completion of a
command. The instruction counter register provides the address of the
command just completed.
The address of thé next command is obtained by adding one to the address of
the command just completed.
The new command is sent to the instruction register and the computer has a
new instruction to execute.
(2) Execute
The control sub-system anatyses the new instruction and determines where to
send it. The control also determines where to get the datum to be
processed, and this is routed from memory to the processor for processing.

On completion signals are sent to the control sub-system which responds by

entering the Fetch phase.




The Display Unit

Some microcomputers especially those commonly found in homes use a television
set to display data. Some with special madifications use monitors giving a
sharper display. Dispiay can be in colour or black and white. The colour

facility depends on the circuitry of the display unit as well as the capability

of the CPU to actiﬁate colours. Graphic capability in a display is a special
feature which depends on programs that can create images. The display is a
cathode ray tube and the visible part is normally referred to as the screen.The
screen is normally rated according to its diagonal length with a standard aspect
ratio of height to width usually about 3:4. The conventional printed page is
usually the opposite with the height greater than the width. Screen sizes .range
from 4" to more than 12" with monitors and television screens going up to 26".

Characters are normally displayed in 25 lines of 40 or 80 characters per line.

Screen Layout (FIGURE 4.3}

The screen is divided into horizontal rectangular rows and vertical columns.
The intersection of a column and arow is a cel(. where a character may be
displayed. Screen capacity is the number of cells {rows x columns); e.g. for 25

rows of 40 characters, 1000 (25 x 40) characters can be displayed.

Cell Display Method (FIGURE 4.4)

The character in a cell is normally displayed by a matrix of dots. Dots are put

close together in a cell to form characters. The number of dots in a cell

determine the detail outline of characters. Typical dot matrix sizes are 5x7(5

dots across and 7 dots high), 7x3, 7x11 and 9x14. The more dots used the more
expensive is the technology required to provide them. FIG 4.4 shows how the

letters are farmed in a 7x8 dot matrix. Adjustments to the number of dots are

made to accommodate letters with tails, upper and lower cases and spaces between

the letters, and between the rows of letters. On power up a cursor appears on
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the screen to identity where the next character will be displayed. The

transmission rate of data between the computer and the display screen is
measured in bauds which are approximately equal to bits per second, (bps). Rates
vary between 300 and 39,000 and a rate of 9600 bauds is common. For a standard
display screen of 24 rows by 80 characters (= 1920 bytes), with a transmission

rate of 9600 bauds (= 1200 byles per second), it takes about 2 seconds to fill a

screen.

The Keyboard

The basic function of the keyboard is to communicate data from the human
operator to the computer. Other methods of communicating data from the human
operator to the computer include the mouse, as well a.s graphic and analogue
devices. The keyboard generates éodes for the characters entered. Characters
entered are represented as sets of 8 bits (or 1 byte), see Appendix G for codes.
The keyboard is similar to the typewriter with some extra characters. Most keys,

especially those common to both typewriters and computer keyboards, when pressed

display on the screen. Control keys and and others that have no disptay when

pressed have special functions which vary according to the manufacturer.

The Printer

Several types of printers are available:

() The augmented electric typewriter was the earliest form of automatic
printer, where an operator hit a key activating a mechanism which was
electrically propelled to cause printing. A computer was put between
the keyboard and the printing device and the output rate was no more
than 15 characters per second, (cps).

(i) 'The dot matrix printer - prints at a much faster rate between 40 to

500cps. Printing is achieved by a set of pins, (dot matrix), arranged

to form characters to be printed. The poor quality of print is




compensated for by its speed and low cost.

(i) The daisy wheel printer - prints at between 12 to 160cps, providing
high quality printing suitable for word processing. Unlike dot matrix,
ihe daisy wheel printer is not suitable for graphics printing.

(iv)  The line printer - prints one line of text at a time instead of one

character like most other printers. For this reason it is very fast
ruhning, printing between 300 to 3000 lines per minute.

{v) Laser printers - belong to a new technology and are more sophisticated

than the others and more costly.

The External Storage

[nitially the tape drive was popular due to the cost of disk drives. With the

decline in cost disk drives are more in use leaving the tape drive to computer
games enthusiasts and home users. Floppy disks and more recently hard disks are
much faster than tapes due to the way data can be accessed. With tape drives
data can only accessed serially, whereas with the disk drive, because of its
physical structure, any part of the disk can be reached without accessing any
other parts. Floppy disks come mainly in two sizes, 3.5 and 5 inches. Modern
microcompuiters have the floppy disk drive built into the same casing as the CPU
and the keyboard. Floppy disks are removable and data and programs written on
disks stay on them until erased. Hard disks are not removable, and have a faster

access time.

4.3.1 Hardware Contributions to Enhance Mathematics'Teaching
The power of the computer to enhance mathematics teaching and learning comes
mainly from the sophistication of software supported by hardware capabilities.

Some characteristics of the hardware also enhance the teaching situation.




Physical Attributes

The display screen which performs the functions of the traditional blackboard

has certain advantages over its traditional counterpart.

(i)

(i)

(iii)

(iv)

(v)

It is clean and not dusty and displays text and graphics clearly and
accurately.

Because of the size of the screen it is easily portable, making it

easier to reorganise the teaching situation if necessary.

Blackboards are usually fixed and those on wheels are normally too
bulky to move and relocate. A disadvanige presented by the physical
characteristics is the size of display. The display cannot be seen by

a large audience in a demonstration situation. This can be overcome by
using more than one screen wired to one computer, but this may prove
expensive. There are large screens available, but the author's
experience with a 70 inch screen was not very satisfactory due to poor
definition.

The screen display method provides a ready drawn cartesian coordinate
system which is useful in teaching mathematics topics like coordinate
geometry. The display of a coordinate point on a blackboard involves
the ability to draw straight ines quickly on the board sometimes

without a ruler.

The display screen is atiractive in the sense that when the display is
updated the screen has a blinking effect which tends to attract the
inattentive user.

The compactness of the system, which can be fitled in a booth, gives a
feeling of privacy to the user. Some users welcome the compaciness and
privacy enabling them to concentrate on the learning tasks. Mistakes
can be corrected without attracting public attention and good work put

on permanent record on printer or external storage.
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4.3.2 Computer Mathematics Without Hardware

A detailed discussion on hardware will reveal many instances of mathematical
exercises. In this way the study of hardware can contribute towards mathematical
study and vice versa. Many topics in computer science involving mathematical
concepts and problem~sol\}ing skills can be experienced without access to
computing facilities.

Developing nations like Fiji with scarce resources should take advantage of the
opportunity to prepare students for the time when ha.rdware would be available.
Schools in rural areas of Fiji are mostly primary schools with very little

modern educational technology. Rural electrification has been a national project
for several years and it will be many years before it is complete.

Caomputers will definitely not materialise in rural primary schools in Fiji for a

long time to come, but rural primary school pupils of today will be expected t.o
wrestle with computers in the future. Schools in Fiji, with or without access to
computer hardware, should prepare pupils for the future by including computers
in their school experience even if it is only through mathematics. |

Suggestions and sample lessons in teaching computer mathematics without computer

hardware are given in Appendix H.
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CHAPTER 5

‘ 5 THE ELECTRONIC SPREADSHEET:

A SOFTWARE PACKAGE FOR MATHEMATICS
There are many types of computer software used in mathematics teaching and
learning. The software can be classified as good or bad, or, easy or difficult.
It may be good to one teacher and not so good to another. Computers in
mathematics teaching are not equally acceptable to all teachers, and some may
find programs too difficult to operate, providing them with an excuse to avoid
using computers in their lessons. Software for mathematics can also be
classitied into the mathematical {opics it supports, but the problemn here is
that some software may support more than one topic. Another classification is
the grouping of programs into primary, secondary and post-secondary mathematics
education. This method is suitable where the transition from one stage of
mathematics education to another is well defined. Software can also be
classified into the type of learning and teaching style they are intended to
support. The Cockeroft Report [33] published in Great Britain in 1983 suggests a
variety of teaching styles needed at all level of mathematics teaching.

Mathemalics leaching at all levels should imclude:

exposition by the teacher

discusston between feacher and pupiis and bertween pupis
nemserves

auporopriale praclical work

consolidalion and practice of fndamental skills and routines
problem solving, including the application of mathemalics to
everyday situations

investigational work. ' [33]

The current trend of mathematics software supports one or more of the styles of

teaching defined in the Cockceroft Report.




51 Software Development
Early educational software concentrated on simple teaching techniques which were
found to be procedural and easily adapted to automation. Programmed lrljstruotion
(Pl) was identified as ready made for automation. The early software was found
wanting, but the simplicity of the approach and ease of writing drill and
practice exercises have made the e‘arly computerised assisted learning programme
techniques popular. Computer software has gone through several generations of
development and labels like:

Computer Assisted [nstruction (CAl)

Computer Assisted Learning (CAL)

Computer Managed Learning (CML)

Computer lliustrated Text (CIT)

Computer Based Learning (CBL)
and the fatest, coined by Professor Bajpai of Loughborough University, Computer
Enhanced Learning (CEL) [1]. The labels are descriptive of the type of learning
situation the software is intended for.
The need for careful thought by authors and programmers when producing software
for enhancing learning cannot be overemphasised. Most commerciaily produced
computer-assisted learning material is of poot quality due to its lack of
learning theories. The situation has tended to deteriorate since the advent of
ihexpensive microcompuiers with limited memories. Hartley and Bostrom [34], in a
survey in 1882, offered 91 programs to teachers in four large secondary schools
in an attempt to gain the teachers’ evaluation of existing computer assisted
learning programs for microcomputers. Only .fifteen programs were faken up by the
teachers, the rest bei'ng considered irreleyant, inflexible, inaccurate or

difficult to use. Those accepted by the teachers were mostly simulations written

in Basic and were used in the main to consolidate previously taught concepts.




There is much educationally poor quality computer software on the market today.
This is a source of concern for places like Fiji, which do not have the
facilities and resources to develop or evaluate their own software. They run the

risk of becoming a dumping place for poor quality material from elsewhere.

Educational software design principles should cater for a wide range of users

and applications in addition to basic considerations like educational value and

screen layout. There are three types of users ;

(i)  the individual student

(i) the individual teacher

(i)  groups of students with or without a teacher.

The range of applications should cater for different users and the different

teaching and tearning styies which in mathematics were recommended by the

Cockeroft Report [33].

A critical issue in computer assisted instruction is the development and sharing

of quality software. Bajpai [1], in his concluding remarks, stresses the high

cost of quality software production and the need tor cooperation and

communication between computer users in education. With this philosophy of

software design, and an emphasis on sharing, Fiji and other developing countries

can greatly benefit by sharing the software developed by countries which have

the resources and the expertise. Sharing wil mean either:;

(i)  the system in developed countries is duplicated by places like Fiji

or

(ii) Fiji and other developing countries take the ideas from developed
countries and modify them to suit local conditions.

The author believes the second to be more beneficial to Fiji. This point is

discussed further in the next chapter on conversion of computer software from

the BBC microcomputer to the Atari ST microcomputer. Bajpai et al [6] list some




DO’s and DON'T’s when writing software:

(i)  do have a definite aim for the software unit
(i do ensure the mathematics is correct

(i)  doinvolve the teacher

(iv)  don't use the micro as a textbook

(v) don't use the micro as a conventional blackboard
(vi)  do excite the user

(vii)  do be consistent

(viii) don't neglect clarity of.screen display

(ix)  do provide good documentation

(x)  don't forget the micro novice

(xi)  don't forget the validation of your soltware.

The Do’s and Don't's listed above provide some criteria for evaluating software.

Computer Facilities Available To The Programmer

The computer offers unique opportunities as a teaching aid. Unless these
opportunities are used to the full in educational programs there will be a
grave misuse of resources. If a task can be adequately carried out without the
use of computers it is totally wrong to go and computerise the task. Computer
technology in education should not be applied for the sake of technology, but
for the enhancement of education. This consideration is most important to
developing nations like Fiji, which need to maximise benefits derived from
scarce resources. Microcomputers of today have the power and ability of the
large and expensive computers of the past at a very reduced cost, due to the
development of microchip technology. Their power and sophistication give the
educational software developer a vast array of teaching and learning styles to
explore. Some of the computer characteristics will now be considered.
Graphics and Animation

Pictures say more than words and the high resolution graphics of microcomputers




give a very accurate and more convincing graph than one drawn by hand, .see
FIGURE 5.1 There is in computer animation a precision of line and smoothness of
movement that manages to convey the essence of mathematics itself. With
conventional graphics students see only particular examples of the mathematics
they study, but with computer generated graphics they see mathematics in
action. For example, to understand fully the quadratic function:

y = ax*x . bx +c
a study of a whole family of parabolas is necessary. FIG 5.1 shows a set of four
such parabolas. With computer animation the transition of the parabola from one
shape to another can be viewed, and the intermediate stages studied. An
appreciation of the intermediate stages is important to allow students to grasp
the idea that there are an infinite number of parabolas each corresponding to
particular values of a,b,c in the quadratic function, y = ax2 + bx + c.
FIGURE 5.2 taken from a computer display screen, will convey more information
about the quadratic function than one drawn on paper, slide or blackboard. A
video film might show the build up in animation, but it will be the same curve
~ at every screening of the video. The ability to vary parameters in a computer
program has a definite advantage over the same pictures provided by a video
fiIm.JHardIng [35] describes the use of computer graphics:

| the abilily fo aisplay resulls in graphical form added a new

aimension ro the compuler's capabiily. If resulfs had fo be

oblamed in prinfed numer/cal form, the speed with which? the

qualitative aspecis of the results could be absorbed would be

lost THhis would discourage most sfuudents from atfempling more

han a very small number of cases, with corresponaing /oss of

eaticaltional vale.’
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Loughnane [36] describes the use of high resolution graphics to "drive home' |
a mathematical technigue that has already been dealt with in the traditional ‘
lecture and concludes that this is extremely effective. He further identifies
three interesting points during an investigation into teaching mathematics with ’ |
high resolution graphics
‘(@) Students who enfoyed compiling fended to improve heir
slandard of mathematical reasonmng.
(b) Students who were naturally shy found /f easier to ask the
compuier @ quesior rather than ask he leacher.
(c) Students lfended fo lake a grealer inferest in malthematically

refated areas foflowing exposure fo the algoriims. " {36]

Colour
Coloured images are more appealing than monochrome images. Features that are not

visible in monochrome become apparent when coloured. Colour enables parts of the

screen to be highlighted to emphasise text or graphics.

FIGURE 5.3 M { stl;‘gen dispfayt'from a MIME (Micros In Mathematics Education)
Project Unit on Vectors. The program is discussed more fully later in the next
chapter. The displaysshown in FIGURE 5.3 adds one more option to the 4 colaurs
available by allowing some parts of text to flash on and off o attract

attention. Films and texts can be attractively coloured but they are static
compared to coloured computer outputs on screen. Computer screen colouring is
flexible in thal a colour can easily be changed and areas filledl in at the touch

of a key and this can be taken advantage of to attract attention. Microcomputers

can have 2, 4 or 16 colours available for display at the same time depending on

the screen mode available. A curve and its function label in FIGURE 5.2 can be

displayed in the same colour to draw attention to their correspondence, while




different curves can be in different colours. In FIGURE 5.3, correspondence
between label and Vecior is shown by flashing the label while the vector is

heing drawn. However, there is a danger in using celour just for decorative

purposes as this can be unimaginative, irrelevant and even distrac'tincL

‘Sound

Sound, like colour change, altracts attention. It can be used to remind the user

to respond to a prompt from the program or draw attention to an incorrect or

correct input. Spelling checkers in some wordprocessors use sound to indicate

when a wrong spelling is encountered. Sound generators of microcomputers can be
programmed to make sounds indicative of the mood of the interaction between user
and program. Some people may argue that sound on rhicrocomputers distracts users
and is uhnecessary. By the same token it is accepted that noise is preser.ﬂ ina
technological er_wironment so why hot make the sound meaningfui in a éomputer

environment, For young learners sound could enhance a dull presentation.

Speed

The speed of'response of computers is evident in most programs and especiaily in
games programs. In mathermatics, speed of calculati‘on can be used to great
advantage. Tedious arithmetic calctlaticn which could distract the learner frem
the concept being studied can be carried out eas'ily by the computer. This leaves
mare time o concentrate on the task of understanding the cancepts involved.
Speed of calculation and presentation of output is taken advantage of in FIGURE
5.2, where the Values of the function y = ax,f' are evaluated for a range of x and
also for a range of values of a.The diagram represents the value of the

function; y = ax~ for a = +(20,16,12,8,4,0)and for x from -10 to 10 at
intervals of 0.1. For eéch curve in FIGURE 5.2, 2000 values of y have to be

calculated and plotted. To increase the interval size from 0.1 to 0.5 thus
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reducing the number of poinis o be ploited will distort the curve.

There are 11 curves requiring f1x2,000 = 22,000 calculations and points to be
plotted. The computer completes all calculations and the drawihg of the curves
in less than a minute. To do this amount of calculation by hand, even with the
help of a hand calculator, is a daunting job. The best one ¢an hope for, doing
it by hand, is to use an interval of 0.5 ot even 1, which would provide a

sketchy curve, With the speed available on a computer the variation of the
shapes of the graphs can be instantly appreciated. The fuss and delay
experienced when working without computers tend {o shift the focus of thinking
from the initial objective of the exerciSe‘, which is the study of parabolas, to

that of calculating coordinates and pilotting points.

it is not to be assumed that there is no place for plotting graphs by hand. This
is still a worthwhile exercise in its own right. Once the concept of how a
function defines points has been established, curves of other functions can then

be studied. There are instances when the plotting of the graph is not the main

topic of instruction and that is when the use of computers far a quick display

of the graph is unrivalled.

The speed of computers is also usefu) for simulating time consuming processes.
An activity often used in the teaching of probability is that of rolling dice.
Students are asked to roll a pair of fair dice and add the numbers showing on
the upturned faces. The results of the whole group are pooled and the students
are asked to draw a relative frequency histogram of the collective resull. The
resulling histog'ram is then used to estimate the probability that the sum of the
two upturned faces is say 7. A major problem in this activity is the lack of

time and thé monotony experienced by students when throwing the dice. The

maximum number of throws which can be expected from two students, one throwing

and the other recording, cannot be mare than 100, and from a class of 40 (a




normal class size in Fiji), this would add up to 2000 at the most. To perform
and collect all the results would thus take the best part of a 50 minute lesson.
Then the class would probably be asked to draw the histogram for home work.
Probability theories are better demonstrated by results of a vast number of
trials or experiments, which are easily si_muiated by a computer. Small sampies
tend to inhibit any reaiistic results being derived. The speed of computefs
aliows the simulation of large number of throws. FIGURE 5.4 a,b.c.d show the
resuits of 100, 500, 5000, and 10000 throws. As in the study of parabolas, once
the basic concepts of the derivation of the histogram from data, as in the
homework, is understood more realistic results can be obtained using the
computer. The availability of the random number generatar of the computer
enables the simulation of random selection necessary in the study of statistics
and probability. There is a place and need for students to carry out the
experiment of throwing the dice and drawing the histogram. But to make the idea
of say symmetry convincing a computer simulation is essential. An
investigational approach to learning is another teaching mode made feasible by
the fast data access time of computer systems. Fast access time, the ability 1o
store vast amounts of information and the graphics ability of computers can
create a lively environment for mathematical investigation. An extension of this
feature using interactive disks is being developed but may prave too expensive

for Fiji.

Interactive Ability of Computers
Colour, graphics, animation and speed all combine to give the microcomputer
some of its unique features. These unique features are supplemented by its

interactive ability. The computer is abie to recognise that a certain numerical

guantity is less than, greater than or equal to another mathematical quantity.
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After identifying the relationship between quantities the computer is capable ot
selecting an item from a number of options offered. It is able to respond to
prompts from the user and is also able to prompt the user into making a

selection from a given set of options. The interactive ability of computers

enables programs to be written which employ a menu driven format, where aptions
are offered to the user. The user makes a selection and the computer responds hy
executing the selected routine. This feature gives the computer a dramatic
improvement over earlier teaching machines. The use of interactiv_e programs
gives the feeling of communicating with the computer. FIGURE 5.5 is a menu from
a MIME Project Unit translated {o an Atari ST. The menu offers several options
which are highlighted by a different colour from that of the background.

Selection is made by the user manipulating a pointer with the use of a mouse and
is indicated when the option selec{ed flashes. The selection is confirmed by
clicking the mouse telling the program to execute the chosen (flashing) option
routine. FIGURE 5.6 is another display from the same MIME Project Unit as that
in FIGURE 5.5 and the choice of option can be made with the mouse or keyboard.
The choice is displlayed by the program and deletions of the choice are possible
either with the Backspace‘ key on the keyboard or clicking the mouse on ERASE.
Termination of inputs ié indicated by the Return key on the keyboard or clicking
the mouse on RETURN. The interactive ability of the computer enables the setting
up of'an investigative environment in the teaching and learning situation. Drill

and practice is made possible with the ability of the computer to interact with

the user. Simulations and answers to 'what if’ situations are possible with an

interactive mode.
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Computer Enhanced Learning (CEL) programs, as defined by Professor Bajpai, tlry
to exploit to the full all facilities offered by the computer to enhance

mathematics learning in a2 way that is only passible with the use of computer
technoiogy. The philosophy of CEL programs encompasses all that is possible with
the hardware - speed, colour, interaction, sound, animation and much more. With
the current rate of development in hardware technology software techniq_ue lags

very far behind.

5.2 Computer Software Styles
Drill and Practice and Tutorial
The early application of computers to mathematics education was to automated
drill and practice. This was a result of the method employed in the selection of
areas for computerisation which sought out education practices that were
procedural, and drill and practice were identified as such. Even though drill
and practice have been found wanting as a teaching technique, they have remained
popuiar d.ue to their simplicity. The popularity of drill and practice has been
reinforced by its inclusion in Paragraph 243 of the Cockcroft Report of 1983
[33] A routine suggested is given below:
presents a problem to the pupil
assesses the student’'s response
reports on the student’s response
presents the next problem.
Two well-known drill and practice projects already discussed are:
PLATO (Programmed Logic for Automatic Teaching Operation) based at the
University of Illinois and TICCIT (Time-shared Interaction Computer
Controlted Information Television Project) funded by the National
Science Foundation of America in 1971 and managed by the Mitre
Coporation.

The typical drili and practice programme presents the student with a set of




problems reflecting a sequence of skills to be practised. The programme contains

elaborate branches to be followed according to the student's response.

Tutorial

In contrast a tutorial programme presents new information and follows _with a
series of questions that guide the student to an understanding ot the new
concept. According to the student's response a new concept is infroduced or the
old sequence is repeated until the student responds correctly to the questions.
Tutorial programs may have in store responses, to anticipated correct or

incorrect student's answers. To restrict expected responses, tutorial programs

Computer Managed Instruction (CMI)
Computer Managed Instruction (CMI) combines a record keeping routine within the

drill and practice or tutorial programs.
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sometimes use a multiple choice format to accompany the quesfions. |
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Drill and Practice Philosophy

Three philosophies are at the heart of drill and practice and tutorial programs:

(i) basic skills are learned, like physical skills, through repeated
practice

(i)  more complex ideas and skills can be learned by being broken down into
appropriate sequences of _sub—ideas and sub—skifls

(i}  students will replicate behaviour that is reinforced with a pleasant
experience.

In short the theory is, students learn by repeating problems that are grouped in

a developmental sequence when correct responses are reinforced. Critics of drill

and practice programs maintain they are bor‘ing and monotonous. Tutorial programs

are claimed to be fimited not only by the imagination of the programmer but also

by the computer technology. Most driil and practice programmes in mathematics




education are used for praciising basic arithmetic drills and exercises.

Simulation Programs :

Simulation is a representation of a real world situation in which a specified
number of factors can change; as they do they produceﬁother changes throughout
the simulated world. Simulation programs enable costly or dangerous situations

to ble studied without incurring high cost, or running the risk of endangering

lives. Relationships between the many variables that are invaived in real life
situations are complicated and their outcomes are often unpredictable Simulation
programs create problem solving situations where decisions are made in the light
of previous experiences and projected into the future. A critical consideration

in simulation programs is the number of variables to be included. One of the

early computer programs,’Lemonade’, is a simple iliustration of a simulation
program. The object in Lemonade is to make a profit. Each siudent{lemonade
trader), at the beginning, decides how many glasses of lemonade to make and how
much to sell them for. The student may also spend money on advertising which
should increase sales. A weather report is provided by the computer and tells the
student the effect on the sale of lemonade. After all the production decisions

have heen made and entered into thé computer, it produces a financial report.
This shows the total number of glasses made, the cost, {he extra expenses, the
total sold, profit made and the cash in hand. After the financial report,

another student is allowed to enter his or her business decisions. Simuiations

like Lemonade provide a meaningful environment for mathematical problem solving.

There is, however, a tendency on the part of students who are left on their own
with simulations like Lemonade to estimate their expenditure (instead of doing
any actual calculations) to arrive at their decisions, thus defeating the object

of the exercise. This might be as valuable an exercise as that intended by the
program, but if not, it can be aveoided by the teacher requesting a reason for

each decision made. Still on the subject of simulations, Lynette et al [37]




describe the use of a microcomputer to simulate ihe binomial distribution and to
llustrate the centrat limit theorem as heing successful with both pre-service
and post-service teacher education students at Western Australia College of

Advanced Education.

Computer EnhancedLearning (CEL)

The underlying concepis of Computer Enhanced Learning are fully described in
[11. In briet it entails the modification of existing trends in computer

software for learning. CEL philosophy transfers what it considers to bé a misuse
of computer facilities from the software to 'paper ware’ and combines some
facilities for creating an interactive and simulation environment. The net

effect is a user (tutor/student) centred system rather than a micro centred one.
CEL philosophy encourages the exploitation of cornputers in areas that cannot be
achieved by other media. For instance text and theory are done away with as text
can better be presented on paper and theories can be tound in any textbook on
the subject. The power of the computer to interact with the user is emphasised
by CEL programs providing a simulation environment. This feature is not possible
to achieve with any other technology yet available. Features that are seen to be
gimmicky like animation are restricied in their use by CEL programs aimed at
senior students. Gimmicks are considered useful and motivating for primary
chiidren, but senior students are expected to be motivated enough without the
extra work involved in animation. Another feature adopted by CEL programs is
standardisation making life easier for users and program developers. This is
irmportant for those that want to trahsport programs from one hardware modef to
another. The conversion of programs from one hardware brand to aﬁother is the
subject of a later section when a CEL program is used as an example. A more

exiensive discussion of CEL programs is given in the next chapter, which is on

conversion.




53 The Electronic Spreadsheet and Mathematics _

The versatility of the spreadsheet in the field of commerce and industry is
universally recognised. This is due {o the fact that the spreadsheet was
developed for use in commerce and industry and consequently its use for
rmathematics {earning is not catered for in manuals. The power of the
spreadsheet to play its rofe in commerce and indusiry depends iargely if not
wholly on its mathematical functions and abiiities. Its application in the

teaching of mathematics, by utilising its mathematical functions, adds another
dimension to the spreadsheet and makes it an attractive option for countries

like Fiji where resources are limited. Due to its fole in commerce it is

available in a wide range of microcomputers. Unlike other mathematics software,
spreadsheet availability on whatever choice of machine is made for Fiji will not
present any problem. The versaltility of the spreadsheet enables the extension of
its use to a variety of different mathematical learning activities. These

include the recording and presentation of data in t_able form or in graphical

form, problem solving, investigation and simulation.

Due to much uncertainty prior to the political upheaval in Fiji in 1987-88 it

was not possible for the author to carry out any study with reference to

software ftrials in Fiji schools during this period. The author is therefore

grateful for the opportunity afforded by a secondary school for girls in
Leicestershire, Our Lady’s Convent School (OLC), to conduct a study of the
spreadsheet for problem solving. Before any mathematical activities could be
carried out there was a need for some preparatory work on the spreadsheet
itself.

At the Leicestershire school a network of eight BBC microcomputers had been in
use for some time. The students were familiar with the basic operation of the
network which included:

(i)  switching on and logging on to the network
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(i  loading a program from the file server

(i)  editing keyboard entries.

In the author’s experience in Fiji the three items listed above can be very time
consuming if students are not familiar with them, especially (iii). They are a
severe stumbling block in Fiji beceuse of the lack of exposure to computing
facilities and technology in general, and no mathematical activities can be
gainfully achieved unless this problem is alleviated. Preparatory work at OLC
School entailed the basic principles of the spreadsheet Viewsheet. There was no
need to know all the commands and facilities of the spreadsheet to enable some
mathematical activities to be carried out. Students were given instructions on:
(i)  identifying the items on the spreadsheet display

(i) entering labels, numerals and formulas

(i)  editing entries

(iv)  formulating formulas

(v)  executing commands

(v1)  saving on disk and printing.

The author is aware that students in Fiji will need more in the way of
preparation due to the differences in their technical background. A preparatary
course for Spreadsheet in Maths is given in Appendix |. The author worked with
third and fourth year students at OLC investigating the use of the spreadsheet
in problem solving. The programmes described here are drawn from this

experience.

5.3.1 A Project on Using the Spreadsheet for Problem Solving
Appendix F described a project on solving problems using a spreadsheet and a
Basic program. The project investigated the solution of a pair of linear
equations using a Basic program and a Spreadsheet.

The students agreed on the following points:

)] The display of the spreadsheet is neat and easily read. This is due to




(if)

(iii)

(iv)

(v)

{vi)

(vii)

(viii)

(ix)

the presentation of the spreadsheet data in a grid arrangement. The
task of aligning data and results both horizontally and vertically are
automatically done by the prograrh. When referring to a particular
value it can be easily highlighted by placing the cursor over it,

which does not hide the value in any way.

The writing of the Basic program took up a lot of time. Even though
there was a pre-written Basic program to solve the simultaneous
equations_, the majority of students preferred to write their own

saying it was easier to use a program they had written themselves than

to use ane written by someone ealse.

They enjoved the challenge of trying to make the programs work, both

the Basic program and the Spreadsheet. The immediate feedback of many
different values provided by the spreadsheet was a source of interest
to all involved.

They understood the solution of simultaneous equations better after

having worked on the programs. The use of the spreadsheet was useful

in retracing the source of an error, making correction easier. The

students were able to see the value of variables in the spreadsheet
which reinforced the understanding of the variables,

There were a |ot of mathematica! activities and verbalisation during

the tesson.

Mathematical topics discussed between students were not confined to

simuttaneous equations but went outside the scope of simultaneous

equations.

There were a lot of questions and answers by trial and error method.
There was no need to understand all the facilities of the spreadsheet
in order to use it for certain mathematical activities.

More effort was devoted to non-mathematical activities while using




the Basic program than during the use of the spreadsheet.
(x)  Mathematics activities on the spreadsheet were centred mainly on:
(1) The immediate calculation and display of formulae and values
providing instant feedback.
(2) The manipulation of the algebraic concept of variables, which in
a spreadsheet gave a visual display Qf the value.
(xi) in addition o enhancing mathematics the project provided a good

introduction to the understanding of the spreadsheet.

5.3.2 Spreadsheet and Numberwork in the Primary School

The programs described here and the spreadsheet 'SwiftCalc’ were developed on
the Atari ST microcomputer. A description of the felevant Swiftcalc commands and
functions are given in Appendix |. Number work in primary school can be enhanced
with the use of the spreadsheetl. investigations of sequences and series can be
done using the automatic calcufation ability of the spreadsheet. The facility

that allows formulae to be entered, values calculated and displayed without the
formula itself, present an inguiry situation tor the learner. The investigation
environment is supported by the 'what if’ situation provided by the spreadsheet.
This is when a cell value in a spreadsheet is changed, all other cell values

affected automatically change and display the new values. it is not suggested

that a primary school should purchase a spreadsheet package for the sole purpose
of enhancing mathematics learning, but if the spreadsheet is made available by
some other means there is no reason not to use it in mathematics teaching.
Secondary schools and further education institutions can justify the acquisition

of the spreadsheet to use with business sfudies as well as mathematics.

Program COUNTER
The program COUNTER written in Basic is available on the BBC, RML 380Z and RML

4807 microcomputers, and can easily be adapted to the spreadsheet. Some More




Lessons in Mathematics with a Microcomputer [38], describes the program COUNTER
thus:
COUNTER explorts the simple idea of counting and aisplaying e
number on the screen.
/f aisplays numbers on the screen in farge numbers and proceeds
counling atl a rate that can be set.
/he stariing number can be a’;anged and the gaps between e
numbers can be alfered,
Decimal and negalive numbers can be vsed
Two sequences of numbers can be displayed at the same tine on the
screen.
7he user may alse have the oplion of listening to the counling as
well as walching lhe sequences.”’
Program Co.unter can be applied to many different ideas and provides practice on

arithmetical skills and insights for pupils of a wide range of abilities.

Translating COUNTER to the Spreadsheet
Figures 5.7a, 5.7b
The translation of the program COUNTER to a spreadsheetl is simple due o the
power of the spreadsheet. Any cell in a spreadsheet can count, for instance cell
D5 can be made to count by the the following entries;

CELL ENTRY

D5 D5 + 1
With SWIFTCAL the above entry will display the counting numbers in cell D5
starting with 1. Successive counting numbers can be displayed by pressin.g
function key F5. Changing the entry in D5 to say:

D5+4 |

will result in the display 4,8,12,16 eic. FIGURE 5.7a shows the spreadsheet




entry for celi D5 to display the counting numbers and FIGURE 5.7b shows the
display after three presses of the function key F5. Various activities can be
initiated by the counting: _
(i) The teacher could cover ihe display after it has counted and displayed
a few numbers. Keeping the display covered, function key F5 is pressed
- a few more times. The children are then asked to write down what the
dispiay is at this point. This could be tried with various other
seqguences like D5+2, D5+3, D5+4 |,
(il  Questions such as the following could be asked:
Can you tell us a higger number the computer will display ?
Will the computer display the number n ?

What can you say about the last digit of each of the numbers 7

-A-—=:-B--C—=:-D~

D5+1

~NOEWN —

FIGURE 5.7a

- A== -Bm=i-Cemi-D

~NOCOOPRWwrN —

FIGURE 5.7b
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Displaying One Term of Two Sequences
Figures 5.8a, 5.8b
The spreadsheet can be made to display two sequences. One sequence could be

displayed in B3 and the other in D3, for example:

CELL ENTRY
B3 B3+1
D3 D3+2

The above entries will display the following numbers every time function key F5

is pressed;
CELL DISPLAY
B3 0 1.2,3.4,.....
D3 2,4,6,8,..... |

The displays in the two cells could be changed by altering the formula in the
respective cells. FIGURE 5.8a shows the entries for the two sequences in cells
B3 and D3, and FIGURE 5.8b is the display after five counts, i.e. the fifth term

of the sequences.

=A-——--B-—--C----D---

B3+1 D3+2

b WP =

FIGURE 5.8a

=A-—-B---1-C-—:-D-—

10

M Wh -
(&)

FIGURE 5.8b




:-A---:-B---;-C---:-D~>-:!~-E~-~-:-F--~-:-G--—;-H-——~-:-1-———:-T~—=
1 Bl1*2 B1/2 forml form?2
2 Bl+1 B2*2 Bi/2
3 B3*2 B3/2
4 R4*2 B4/2
5 B5*2 B5/2
6 B6*2 B6/2
7 B7*2Z B7/2
8 BR8*2 B8/2
9 B9*2 B9/2
10 B10*2 Bi0O/2
FIGURE 5.9a
:~-A-:-B-~~:-C--:-D---:-E--~-:-F~~-1~-G-—~:-H——:~I--:-T—-—-—
1 1 2z a.5 1 i
2 2 4 1 3 4
3 3 6 1.5 6 9
4 4 8 2 10 16
5 5 10 2.5 15 25
3] 6 12 3 21 36
7 7 14 3.5 28 49
8 8 16 4 36 64
9 9 18 4.5 45 81
10 10 20 5 55 100

FIGURE 5.9b

Displaying More Than One Term of a Sequence(s)

Figures 5.9a, 5.9b

Instead of displaying one term of a sequence the spreadsheet could be programmed
;0 display more than one term of a sequence or sequences.

FIGURE 5.9a shows the entries to display ten terms , FIGURE 5.9b is the actual

digplay of the five sequences:

n, 2*n, nf2, n{n+1)/2 and n™n for n=1 to 10.




In FIGURE 5.9a enter:
B1*(B1+1)f2 in place of form1 in cell H1, and
B1*B1 in place of form2 in cell J1.
Cell B2 entry: the entry B1+1 in cell B2 is copied into cells B3 to B10. This
will display the counting numbers 1 to 10 in cells B1 to B10.
Cell D1 entry: the entry 2*B1 in cell D1 is copied into cells D2 to D10. This
will display the sequence 2*n for n=1{o 10,
Cell F1 entry: the entry B1/2 in cell F1 is copied into cells F2 to F10. This :
} will display the sequence n/2 for n=1 to 10.
Cell H1 entry: the entry B1*({B1+1)/2 in cell H1 is copied into cells H2 to H10.
This will display the sequence n{n+1)/2 for n=1to 10.
Cell J1 entry: the entry B1*B1 in cell J1 is copied into cells J2 to J10. This

will display the sequence n*n for n=1 to 10.

Number Squares
Figures 5.10a, 5.10b
Number squares present another activity which primary school pupils can do on

the spreadsheet. The number square shown here:

1 2 3
4 5 B
7 8 8

can be set up in the spreadsheet and the class asked to rearrange the numbers to

give a total of 15 in each row, column and diagonal. FIGURE 5.10a shows the

entries for the number square and FIGURE 5.10b shows the totals display.

The numbers 1 to 8 which make up the number square are entered in cells:
B2,C2,D2,B3,C3,D3,84,C4 and D4. The formula B2+C2+D2 replaces form1 in cell F2.
Then the sum of the first row of the number square will be displayed in F2. The

formula B3+C3+D3 replaces form2 in cell F3 and the sum of the second row will be




displayed in F3. The formula B4+C4+D4 replaces form3 in F4 and the sum of the
third row will be displayed in F4. The formula B2+B3+B4 replaces form4 in cell

BB. This will display the sum of the left column in B6. The formula C2+C3+C4
replaces formS in cell C6, and will display the sum of the middie column in cell

C6. The formula D2+D3+D4 replaces form6 in cell D& and will display the sum of
the right column in cell D6. Lastly formula B2+C3+D4 replaces form? in cell FB.

This will display the sum of the {op lefi/bottom right diagonai.

The spreadsheet can calculate and display the sums of each row, column and the
diagonal as the class make suggestions on haw to rearrange the numbers. The new
arrangement is typed into the cells and the new sums are immediately displayed.

The instant display of the new values when a number is changed encourages

mathematical discussion and perseverance. The numbers used in the square and the

size of the square can be changed to give variations. it was found that less

ablie students particularly enjoyed this activity, since the spreadsheet was

doing the adding up and checking the sums. At first the students guessed the
arrangement but in the later stages they were working with pencil and paper
which gave them practice in humber skills and logic. They were able to complete

several different number squares.

=A-=-B—-C~-D B P -G

i 2 3 form1
4 5 8 form?
7 8 9 form3

form4 form5 formB form7

SO W —

FIGURE 5.10a




-A---:-B----C—-D-—-E~-1-F -G

1
2 1 2 3 6
3 4 5 B 15
g 7 8 89 24
6 12 15 18 15
7
8 .
FIGURE 5.10b
Formulas

Figures 5.11a, 5.11b _

The power of the spreadsheet hinges on its ability to calculate the value of a
formula which uses values entered in other cells. A class can be introduced to
formulas by making up a multiplication table on the spreadsheet. A column of
numbers 1 to 10 is first entered, say in cells B1to B10 in the second column of
the spreadsheet. The pupil is then asked to enter the formulas to give the

values of two times tables in the fourth column of the spreadsheet. The correct
entry in each cell of the fourth column, which should include the entries in the
cells from the second column should yield the correct values of the two times
table. F.IGURE 5.11a shows the entries for the two times and the five times
tables in the fourth and sixth eolumns respectively and FIGURE 5.11b shows the
results displayed. Note that the display of the tables could be achieved more
quickly using the copy facility, but this will defeat the purpose of the

exercise which is to practise writing formulas. Pupils should be instructed to

use the star(*) in place of the mulliplication symbol. This is a good start to
making up formulas as the pupils will already have some idea of what the display
should be.

As another exercise, pupils could be given two sets of numbers and asked to find

the relationship. Given the display in FIGURE 5.12a pupils could be asked to
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write formulas to do the following:
(i) to display in column F cells F2 to F10 the same numbers as in column
D, the formulas are to include B1 to B10 and the addition sign(+).

(ii) to display in column H cells H1 to H10 the same numbers as column D,

the formulas to include B1 to B10, the multiplication sign(*), and the
addition sign(+).
FIGURE 5.12b shows the entries required to duplicate column D in columns F and
H.
i—-—A---:--B--—:--C--—:~-D--=;=-E~==~~F-—~

1 1 2*B1 5*B1

2 2 2*B2 5¥B2

3 3 2*B3 5*B3

4 4 2*B4 5*B4

5 5 2*B5 5%B5

') 6 2*B6 5*B6

7 7 2*B7 5*B7

8 8 2*B8 5*B8

9 g 2*B9 . 5*B9
10 10 2*BLl0O 5*B10

FIGURE 5.1la
--A---;--B---:--C---:--D---(--E--~;~~F~=-

1 1 2 5

2 2 4 10

3 3 6 15

4 4 8 20

5 5 10 25

6 6 12 30

7 7 14 35
'8 8 16 40

9 9 18 45
10 10 20 50

FIGURE 5.11b




i=A-=-(~B-==:~Crm==~D~==:~E~=~-

1 1 3

2 2 5

3 3 7

4 4 9

5 5 11

6 6 13

7 7 15

8 8 17

9 S 19

10 10 21

FIGURE 5.12a
:~A~—-~:;~-B~—~-:-C-——-D-——;-E-—————-F--=m—-: =-G-—~—-—=-Hr———-

1 1 3 B1+2 2*Bl+1
2 2 5 B2+3 2%B2+1
3 3 7 B3+ 2*B3+1
4 4 9 B4+5 2*B4+1
5 5 11 B5+6 2*%B5+1
5] 6 13 B6+7 2*Bo+1
7 7 15 B7+8 2*B7+1
8 8 17 B8+9 2*B8+1
9 S 19 B9+10 2*%B9+1
10 10 21 B10+11 2*B10+1

FIGURE 5.12b

These activities can be carried out with pencil and paper but the advantage with

using the spreadsheet is that pupils get an immediate response to their

solutions and can compare it with the given solution. Ta get instant feedback to

reassure themselves when working with pencil and paper the pupils will need to

seek approval from the teacher; otherwise the pupils proceed without knowing if

their procedure is correct, With a poor teacher to pupil ratio situation(1 to 40

is not unusual in Fiji), the tendency is for pupils not {o get individual

attention from the teacher or, if they do, it is only after wading through

several exercises. Should the procedure used be incorrect then the pupil will

have performed the faulty procedure several times, before being corrected. The




repetition of a faulty procedure before being corrected reinforces the procedure
making it more difficult to unlearn it. This does. not mean that pencil and paper
Q‘"_@to be discarded as entries and dispiays shouid be copied, preferably on
squared paper, for future reference. The act of copying from screen to paper
will also add to the consolidation of the wqu and reinforce the concepts
involved. In addition it is also good practice {o put on paper first what is to

be entered hefore coming to the keyboard.

Data Collection and the Spreadsheet

Children like collecting data, especially about themselves, such as height,

weight, waist size, neck size, hand span, arm span, how fast can they run a
certain distance, etc. The spreadsheet is ideal for recording data of this type.
Totals, averages, maximum, minimum values are some aof the mathematical
activities that can be derived from data of this kind. The graphing facility of

the spreadsheet can be used to draw graphs of the data. Food prices are often
given in varying quantities as a result of several factors. A collection of food
prices and weights can be gathered and tabulated in a spreadsheet. A {formula can
be entered to caiculate the cost of say 1 kilogram of each item of food.

Education should be presented in such a way that the pupils find meaning in what
they are investigating. If pupils are in no position to collect data themselves

then previously collected data from local surveys could be used. In this way
pupils can relate to the ideas and any names used and the reason for the surveys
and the investigation sometimes can take on a personal interest. Current topical
items in local newspapers are a good source of ideas for collecting local data.
FIGURE 5.13a shows the Provincial Population Distribution in Fiji hetween 1966
and 1976 as given in Fiji's Eighth Development Plan, 1981-1985, volume one,
presented to Parliament of Fiji under Parliamentary Paper No. 35 of 1980. FIGURE
5.13b is a pie chart and FIGURE 5.13c is a horizontal bar chart depicting the
provincial population distribution in 1966. Both FIGURES are drawn by the




graphics facility of the spreadsheet using the data tabulated in the spreadsheet
shown in FIGURE 5.13a. The coilection, tabulation and drawing of accurate charts
by the spreadsheet is a great help in enhancing the mathematics involved in the
exercise, More time can be spent in discussing the shape of the bar charts,
which in this instance will be as accurate as the data allows. Without the use
of the spreadsheet the production of accurate charts will be very time consuming
and detract from the mathematics.
Note that the first item - Tailevu/31141 is placed at the beginning of the first
guadrant of the pie charl. Using this feature the spreadsheet graphics facility
can be utilised to demonstrate angles. FIGURE 5.14a shows the values of = w ajn@\f‘s-
mk mu o cavel s

., and FIGURE 5.14b is the p|echart drawn by the spreadsheet graphics.
Other values can be entered in a table like in FIGURE 5.14a to demonstrate other
angles.
The spreadsheet has the facility to dump charts accurately on paper. This added
feature allows pupils to keep copies of the work they have put together.

Children, especially primary school children, enjoy keeping pieces of work they

have produced.

—=A—— =B D
1 Tailevu 31141 39952
2 Naitasiri 39485 65111

3 Rewa 69901 87257
4 Namosi 2721 3292

5 Ra 222898 25523

6 Ba 135968 167085

7 Serua 8181 112863

8 Nad/Navos 37494 45929
9 Bua 8758 11457
10 Cakaudrov 30053 34251
11 Lau 15888 14452

12 Lomaiviti 13264 13568
13 Kadavu 8631 8699
14 Rotuma 3365 2805
15 Macuata 44433 57414

FIGURE 5.13a
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5.4.3 Secondary Schoo! Mathematics and The Spreadsheet
Programming'lhe Spreaﬂdsheet |
F’rogramrning the spreadsheet to solve mathematical problems is a useful exercise
that can be tackled by secondary students. A particular application is the

solution of algebraic equations.

Solution of Linear Equations
Figures 5.15a, 5.15b |
The linear equation in the form usually found in secondary school textbooks is:
| ax +b =c where a,b,c are constants. |
FIGURE 5.15a shows the entries for the solution of the linear equation;
3x+2=3 where a=3, béz. c=3.
The values of the constants a,b and ¢ are entered in the cells:
B2, B3, B4
The formula for the solution given by (c-b)/a is entered in cell B in place of
form 1. In terms of cell locations the formufa entered is: |

(84-83)182 which is equivalent to (c-b)/a

£
The labels 'a =", 'b =, 'c =" and 'x = are entered in column A cells A2, A3,

A4, and AG respectively. |
FIGURE 5.15b is the actual display with the solution given as 0.333,

A

The spreadsheet could be used to reinforce the idea of balancing the two sides

- ofan equation, Left Hand Side (LHS) and Right Hand Side (RHS) Apphed to the
equaﬂon

3x +2 =3 the LHS =3x+2 and the RHS = 3

Values of x can be entered and the spreadsheet displays the values of the LHS
and RHS. When the correct value of x is entered the two values of LHS and RHS
will be equal. FIGURE 5.16a shows the entries and FIGURE 5.16b the actual
display.

Constants, arithmetic expressions and formulas can be

entered in cells. Some cells are protected %o prevent
entries by the user.
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1
2 a= 3
3 b= 2
4 c= 3
5
g input x= 3
8 LHS 11
9  RHS 3
10

FIGURE 5.16b

Solution of Simultaneous Equations

Figures 5.17a, 5.17b, 5.18a, 5.18b

The simultaneous equalions are in the form commanly found in secondary school

textboaks:
ax + by = cl
dx + ey = { where a,b,c.d,e,f are constants.
FIGURE 5.17a shows the entries for the solution of:
3x+2y=5
4x-y=3

The equations are input by entering the coefficients of x and y and the values
of the constants. The first equation is entered in the cells of row 2 :
A2=3, B2=2, C2=5
and the second equation is entered in the cells of row 3.
A3=4, B3=-1, C3=3.
The first operation is to equalise the coefficients of x in the two equations.

This is achieved by multiplying the first equation by the coeflicient of x in

the second equation, and muliiplying the second equation by the coefficient of x

in the first equation. The resutting products are displayed in row S for

equation 1, and in row B for equation 2. The two equations in rows 5 and 6, now




with equal coefficients of x, are subtracted one from the other to eliminate the

x's. The resulting equation with one unknown, y, is displayed in row 8. The
solution for y is displayed in row 9. Row 11 is equation 1 rewritten with the
value of y from row 9 substituted. The resulting equation in one unkhown, X, 18
then displayed in row 12. The solution for x is shown in row 13. Ali row
references in the description above appiy to both FIGURE 5.17a and the actual
display shown in FIGURE 5.17b. To solve another pair of simultaneous equations,
the coefficients and the constant terms are entered into row 2 and row 3, and

the solution will automatically show up in cell C8 and cell C13.

ity S i =ittt Slageite bbbl & Infeted e
1 X v
2 3 2 5
3 4 -1 3
4 .
3 - A2*A3 B2*A3 C2%A3
3 A3*A2 B3*A2 C3*a2
8 A5-R6 R5-B6 C5-C6
9 BB/B8 C8/B8
10
11 A2 B2*C9 ce
12 All Bl1-B11l Ccl1-B1l1
13 Al2/R12 Clz/alz
14

FIGURE 5.17a




1 b ¥
2 3 2 5
3 4 -1 3
4
5 12 8 20
6 12 -3 9"
7
8 0 11 11
9 1 1
10
11 3 2 5
12 3 0 3
13 1 1
14
FIGURE 5.17b
:-———-A-----!-——--B--+--!—-C-————-1---D-———~
1 X v
2 3 2 5
3 6 4 4
4
5 18 12 30
6 18 12 12
7
8 0 ¢ 18
9 ERR ERR
10
11 3 N/A 5
12 3 N/A N/A
13 1 N/A
14

FIGURE 5.18a




:-—-A-----i---B-----:---C-----:---D----—-.

1 X \%
2 2 2 5
3 6 4 10
4

5 18 12 30
6 18 12 30
7

8 0 0 0
9 ERR ERR
10

11 3 N/A 5
12 3 N/A N/A
13 1 N/A
14

FIGURE 5.18b

Some displays in the solution of simultaneous equations, FIGURE 5.17b, may be -
used to check that correct entries have been made and the program is working
accurately. For example displays in cells A5 and A6 should always be equal to
the product of the entries in cells A2 and A3, and displays in cells A8 and B12
should always be zero. An extension to the work with simultaneous equations is

to investigate why some equations result in displays like FIGURES 5.18a and
. 5.18h.

Investigations Using the Spreadsheet
Instead of a straight forward solution to algebraic equations the spreadsheet
can also be used to investigate the behaviour of algebraic equations and

expressions,

Point of Intersection of Two Straight Lines

Figures 5.19a, 5.19b

Given the eguations of two straight lines their point of intersection can be
investigated using the program shown in'FIGURE 5.19a. The equations are in the

form normally given in textbooks:

y = ax + b where a,b are constants.




The eguation of the straight line is turned round to the form

ax+hb=c
then c is equivalent to y in the equation of the straight line above.
‘Given th.e two equations:

y=2x+7 (1)

y= X-2 (2)
the constants are entered as shown in FIGURE 5.19a. The first equation is
entered in the cells of row 3:

B3=2, C3=7,
and the formuta for calculating y is entered in D3. To calculate the value of v,
a value for x is needed, and this will be entered by the user at cell A1. The
formula to replace form1 in cell D3 is:

form1 = A1*B3+C3
Equation (2) is entered in the cells of row 4:

B4=1, C4=-2 and forth = A1*B4+C4
form3 in cell E4 will calculate the ditference between the vaiues of y displayed
in cells D3 and D4, and will be :

form3 = abs(D3-D4)
The user enters a value for x in cell A1. The program calculates the two values
of y, defined by the two equations (1) and (2), and displays the result in cells
D3 and D4 respectively. The solution for the intersection of the two lines will
cause the two y values (in cells D3 and D4), to be equal. How near they are to
being equal will be given by the d]splay in cell E4 which displays the
difference between the two y values for every x entered. FIGURES 5.18b, 5.19c,
5.19d, 5.19e show the results of x=3,1,-5,-9 respectively. With an input of
x=3(cell A1), y1=13(cell D3), and y2=1(cell D4), with a difference of 12(cell
E4).

The inputs and resulis tabulated will be:
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TABLE 5.1

input(x) vl y2 difference FIGURE
cell Al D3 D4 E4 5.19a
| 3 13 1 12 5.19b
1 9 -1 10 5.19¢
-5 -3 -7 4 | 5.19d
-9 -11 -11 '. 0 5.19%

e e G D S
3

2 7tormi
1 -2 {orm?2 form3

W —

FIGURE 5.19a

-A-mi-B=i-Comi-Dmmi - i-Fon

FIGURE 5.18b




=A== =B i Commi D B -Foee

1 1
2
3 2 7 9
4 1 -2 -1 10
5
6
FIGURE 5.19¢

A-—-B-—-Crmni-Dro-Emmi-F

1 -5
2
3 2 7 -3
4 1 -2 -7 4
2
B
FIGURE 5.19d

-A—-B-—-C-—-D—-E—-F—

1 -9
2
3 2 7 -11
4 1 -2 -11 0O
5
FIGURE 5.19e

The point of intersection is given by the last entry when the two values of y
are equal and the difference is zero:

x =-9,y =-11 : point of intersection = (-9,-11)

Coordinates of points on the lines can be deduced from the table;
equation (1); (3,13),(1,9),(-5,-3) (-9,-11)
equation (2); (3,1).(1,-1),(-5,-7),(-9,-11).




The behaviour of the line as x increases or decreases can also be deduced from
the investigation. The presentation of mathematical concepts by using the
spreadsheet is different from that of a more traditional approach. It should add
variety to the mathematics learning environment and enhance the learning. Points
of intersections ot other lines and cuives may be investigated in a similar way
thus providing a different method of presenting traditional topics.

Given the equations of two straight ﬁnes their behaviour can be investigated by
studying TABLE 5.1 which should provide mental and verbal exercises in
mathematical descriptions. This should aid understanding especially if it can be
turther related to the actual graph. Very often foday the equations are given

and graphs drawn and students sometimes find it difficult to interpref the

graph. In this approach the description of the behaviour is attempted first from

the table of values before the graph is viewed.

Simultaneous Equations Investigation

FIGURES 5.20a ~ 5.20m ,

FI'GUF%E 5.20a to FIGURE 5.20d show how to set up an initial pair af equations: 4x
-3y =-11 and 3x -4y = -10

FIGURE 5.20e to FIGURE 5.20g show how to enter a second pair of equations.
FIGURE 5.20h to Figure5.20m show how the solution of a pair of equations is
investigated: 2x + 3= 13, 3x -y =13

FIGURE 5.20a shows the program of entries to set up the spreadsheet to
investigate a pair of simultaneous equations. The table of entries for FIGURE

5.20a is given here.

CELL ENTRY description
Al X | label
Bl y label
cl c label
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D1
El
Fl
Gl
H1
E3
F3
G3
E4
F4
G4
E6
F6
G6
E7
F7
G7
F8

O~ WN—=

mult

X

y

C

add

D3*E3+A3

D3*F3+B3

D3*G3+C3

D4*E4+a4

D4*F4+B4

D4*G4+C4

+if(H4="add" ,E3+E4," ")
+if(H4="add" ,F3+F4," ")

+if (H4="add" ,G3+G4," ")
+if (D6<>0,D6*E6," ")
+if(D6<>0,D6*F6," ")
+if(D6<>0,D6*G6, " ")
+if(F7=1," y =".," x =")

-A---B--C—-D—--E—-F -G - H -
X y ¢ mut x y ¢ add

ok lok ek bk form 1 forme form3
*ak Rk kkk kb formd form5 formB

¥k form7 form8 form9
frm10 frm11 frm12
frm13 frm12

FIGURE 5.20a

label
label
label
label
label
forml
form2
form3
formd
formb
form6
form7
form8
form®
formlO
formll
forml2
forml3



OO WM — O~ UTERWN —

W~NONRWN —

-Ar—i-Bomi=Cremi Dot -Er e Gt Hemmile

X ¥ ¢ mut x y ¢ add
4 -3 -11 1 0 Q0 0
3 4 -0 1 0 0O O
0 0 O
0
FIGURE 5.20b

=A~--B-—1-C-—-D—--E—1-F--G—1-H-—- -

X y ¢ mut x y ¢ add
4 -3 -11 1 4 -3 -11
3 4 -10 1 3 -4 -10

0 0 0
0
FIGURE 5.20¢

b e ey C R

X y © mui x y ¢ add
0 0 0 1 4 -3 -11
O 0 0 1 3 -4 -10
ERR ERR ERR
ERR

FIGURE 5.20d




= e O e e C U

1 x y ¢ mut x y ¢ add
EEEREEE
g ERR ERR ERR
g ERR
FIGURE 5.20e

-A-=i-B==i=Crrmi-D=i-E-—i-F == G ool

1 x y ¢ mut x y ¢ add
% 2 6 24 1 2 3 13
4 0 3 13 1 3 -1 3
g ERR ERR ERR
g ERR
FIGURE 5.20f

-A—-B—-C-~-D—~-E—1-F—1-G—-H—-—

>

y ¢ mult x y ¢ add

o 0 1 2 3 13
o 0 1 3 -t 3

ERR ERR ERR
ERR

o~ WwWND—
e Jam)

FIGURE 5.20¢g




:~A-=~:=B--=;=C-==:~D-==:-E--=:-F---:-G---;-H--—:-I---

1 % Y c mult X Y c add
2
3 0 0 0 =-1.5 2 3 13
4 0 0 0 1 3 -1 3
5
6 ERR ERR ERR
7
8 ERR
FIGURE 5.20h
t~A--~:-B-—-:-C--=:1-D-—-:-E--—:-F-——:~G--—; ~H-~-:-I-~~
1 X y c mult X y c add
2
3 0 0 0 -1.5 -3 -4.5 -19.5
4 0 0 0 1 3 -1 3
5
6 ERR ERR ERR
7
8 ERR
FIGURE 5.201
:-A---:-B---:-C---:-D---:-E---:-F---:-G--—-:-H-~-:~-I---
1 % y c mult X v c add
2
3 0 0 0 1 -3 =-4.5 -19.5
4 0 0 0 1 3 -1 3 add
5
6 0 =-5.5 -16.5
7
8 ERR

FIGURE 5.207




{-A==—:~B=--1=C-==(=D===:~E-~=[~F-=~=:-G=-—:~H-—~:-I---

FIGURE 5.20m

Inputs when using the program are restricted only {o those celis showing

|
|
|

1 X y ¢ mult pid 4 c add

2

3 0 4] 0 1 -3 -4.5 -19.5

4 0 0 0 1 3 -1 3 add

5 ,

6 -0.,18 0 -5.5 -16.5

7 0 1 3

8 = 3

9

FIGURE 5.20k
:~A-—-~.-B~~-:-C---:-D=-~-!-E~--:~F~-~--G-~~:-H~--:~I-—~
1 X y c mult X .y c add

5 _

3 0 0 0 1 -3 -4.5 -19.5

4 0 ] 0 -4.5 -13.5 4.5 -13.5 add

5

6 ~0.18 -16.5 0 -33

7 3 0 6

8 X = 6

FIGURE 5.201
:=A---:~B---;-C~-~-:-D--~:-E~~~!~F~-~;~G---:-H---:~I~—~

1 b4 1% c mult p 4 y c add

5 _

3 0 0 0 1 -3 -4.5 -19.5

4 0 0 0 1 -13.5 4.5 -13.5 add

5 :

6 -0.06 ~16.5 0 -33

7 1 0 2

8 X = 2
|
|
|
|
|
|
|
|
|
|
|
\




asterisks(***) in FIGURE 5.20a. Do not enter the asterisks(***) when setting up

the spreadsheet, they are there only to show where inputs are to be entered. All
inputs are values except for input into cell H4 where the word 'add’ is entered
when the two equations are ready to be added together to eliminate one of the
unknowns. The two equations are input by entering values in columns A,.B,C rows 3
and 4. The values entered will depend on what values are in cells E3,F3,G3 and
E4,F4.G4. The entries in cells A3,B3,C3 and A4,B4,C4 will be operated on and the
result transferred to cells E3,F3,G3 and E£4,F4,G4. Cells E3 F3,G3 and E4,F4,G4
will hold the equations before the investigation begins. Multipliers are input

in column D row 3,4 and 6. Entries in celis ES,FB,GB and BE4,F4,G4 are

multiplied by the multipliers in cells D3 and D4 and the products are added to

the entries in cells A3,B3,C3 and A4,B4,C4 and the results put back in E3,F3,G3
and E4F4.Gdie.

E3=E3*D3 + A3, F3=F3*D3 + B3, G3=G3*D3 + C3,
E4 =E4*D4 + A4, FA=F4D4 + B4, G4 =G4*D4 + C4.
To input equations:
4x-3y=-11 (1)
3x -4y =-10 (2)
With zeros in cells E3.F3,G3 and £4,F4,G4 the coefficients and the constant
terms are entered in the following cells:
equation (1); A3=4,B3=-3,C3=-11
equation (2): A4=3,B4=-4,C4=-10
Next input multipliers, 1, in cells D3 and D4. FIGURE 5.20b shows the inputs.
Initial setting up of the spreadsheet may display 'ERROR’ or zeros in some cells
where formulas are entered. Correct inputs in cells A3,B3,C3 and A4,B4,C4 taking
into consideration the values in cells E3,F3,G3 and E4,F4,G4 should display the

simultaneous equations in cells E3, F3, G3 and E4, F4, G4 after recalculation is
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activated by pressing function key F5. With the above inputs, recalculation will
display the equations as shown in FIGURE 5.20c. A word of caution, while setting
up the simultaneous equations ensure the multipliers in celis D3 and D4 are 1. |
Once the correct equations are set up in cells E3,F3, G3 and E4, F4, G4 return
all input celis A3, B3, C3 and A4, B4, C4 to zero, FIGURE 5.20d. The reason for
this is, whenever a recalculation is carried out entries in columns E3, F3, G3
are multiplied by the multiplier in D3 added to entries in A3, B3, C3
respectively and the results put back in E3, F3 and G3. The same applies to
equation (2) in row 4. With zeros in columns A, B, Cand 1incolumn D a
recalculation will leave the entries in columns E, F and G unchanged.
Eguations (1) and (2) as shown in FIGURE 5.20d are reédy for processing. To
change the equations to say:
2x+3y=13  (3)

3x-y= 3 (4)
the inputs will b.e:

cell A3=(2-the content of cell E3) =2-4 =-2

cell B3 = (3 -the contentof cell F3) =3-(-3) = 6

cell C3 = (13 - the content of cell G3) = 13- (-11) = 24
The entries are shown in FIGURE 5.20e. To display equations (3) and (4) in
their proper cells in E3,F3,G3 and E4,F4,G4 press function key F5 to
recalculate. FIGURE 5.20f should result with equations (3) and (4) in their
correct cells. Entries in cells A3,B3,C3 and A4,B4,C4 are now zeroed and FIGURE
5.20g is now ready to investigate equations (3) and (4). If there is an error
adjust the inputs into cells A3,B3,C3 and A4,B4,C4 accordingly and recaiculate.
To process equations (3) and (4), two options are available:
(1) eliminate x and find y first
(2)  eliminate y and find x first.

Eliminate x by entering the apbropriate multipliers in cells D3 and D4 of




FIGURE 5.20g. With the spreadsheet doing the arithmetic several multipliers can
be considered:
(N multiply equation (3) by -3/2 and equation (4) by 1
(2) multiply equation (4) by -2/3 and equation 3 by 1
(3) multiply equation (3) by 3 and equation (4) by 2
(4)  multiply equation (3) by -1 and equation (4) by 3
(5) multiply equation (3) by 1/3 and equation (4) by 1
(6) multiply equation (3) by 1 and equation (4) by 3.
Enter -3/2 in D3 and [eave D4 with 1 as in FIGURE 5.20h and recalculate to
display FIGURE 5.20i which shows that x can be eliminated by adding the two
equations. Before another recalculation is carried out return the multiplier in
cell D3 to 1. To add the two equations type the word 'add’ in cell H4 and
recalculate. FIGURE 5.20j shows the result of adding the two equations in FIGURE
5.18h. Row 6 of FIGURE 5.20j reads:

-5.5y =-16.5
To solve for y, the equation is multiplied by -1/5.5, which is entered in cell

D6 and the values are recalculated. FIGURE 5.20k shows the result and the

solution ;

y=3
To solve for x, appropriate multipliers are entered in cells D3 and D4 to
elifninate y. With the display as in FIGURE 5.20k, the second equation multiplied
by -4.5 would enable y to be eliminated. Enter -4.5 in cell D4 and recalculate
and the resuit is shown in FIGURE 5.20I which shows the incorrect solution: x =
6. The error is due to the incorrect multiplier(=-0.18) left in cell D6 from the
previous investigation. Cells EG, FB, and Gb reads: -16.5x = -33 and the
multiplier to solve for x should be ~1/16.5. Changing the multiplier in cell D6

to -1/16.5 and returning the multiplier in D4 to 1, recalculation results in the

solution given in FIGURE 5.20m:




X =2.
The investigation offers many choices of multipliers which the user can input to
achieve the required values td solve the given simultaneous equations. The
traditional blackboard and chalk or pencil and paper workings tended to restrict -
choices of multipliers {o whole numbers. The restricted choice appties to the
kinds of problems suitable for solving by students.With the spreadsheet doing
the arithmetic more realistic prablems could be tackled without restrictions

imposed by the need to keep the arithmetic simple.

The Quadratic Function
A concept that could be demonstrated with numerical values is that dealing with
the behaviour of a quadratic, in fact with any polynomial function, n.ear a
critical point. Take the stationary point of the quadratic:

fx)=2x"2-x+ 1
The theory is:
() asfx)increases F(x) is positive
(i)  as f(x) decreases f(x) is negative
(i when {(x) is changing from increasing to decreasing or vice versa,

(x) is zero.

The turning point occurs at the max/min point of the function. Apart from
showing the above properties using a graph of the function, it is sometimes
necessary to give numerical values to emphasise the ideas being presented.
Numerical values can clarify concepts such as: as x increases, {(x) increases
and f'(x) is positive. FIGURE 5.21a shows the entries to investigate values of
f(x), f(x) near a turning point. To investigate the turning peint of {(x) =

2x"2 - x +1,with x going from -1.5 to 1.75 at points .25 apart the following

entries are made;




CELL ENTRY

A3 -1.5

B3 2*A3*A3-A3+1
C3 4*p3-1

Ad A3+.25

When copying formulas the copying facility of the spreadsheet should be used. if
typed in individually ensure that cell references are altered (see FIGURE
5.21a).
A similar entry as that in cell A4 is copied into cells A5 up to A16. An entry
like that in cell B3 is copied into cells B4 up to _816. The entry in cell C3 is
copied into cells C4 up io .C16. |
FIGURE 5.21b shows the values of:

the function fx)=2x"2-x+1

the derivative  f(x) = 4x - 1

for values of x from -1.5 to 1.75 at points .25 apart.
Note that the interval above includes the critical point under investigation,

the turning point, x = .25. The values of x given in column A of the spreadsheet

start. from-1.5 and increase. by .25 up to and including 1.75. This can be used
to emphasise the mathematical concept of the notation:

-1.5<¢=x<=175
As the value of x increases the value of f(x) varies as shown by column B
beginning at cell B3 with value 7.00000. The values in column B can be seen to
decrease as far as 0.87500 which occurs at x = 0.25. The first seven values of
the derivative f'(x) given in column C can all be seen {o be negative starting
with the value -7.00000 given in cell C3.When the value of x = .25000, given in
cell A10, the value of {{x) = 0.87500 in cell B10 and the value of f(x) = 0 in
cell C10. This is the turning point, x = 0.25000. As x increases past 0.25000,

f(x) changes from decreasing to increasing, and the values of f'(x) are




positive. The symmetry of the quadratic function can also be seen from studying
the values.

Points equidistant from the turning point have equal function values. A column
to show the second derivative could also be included, which would show a
constant value 4. Different intervals of x can be investigated. FIGURE 5.21c
investigates the interval defined by -0.75000 <= x <= .87500, in steps of 0.125.
The layout of the spréadsheet encourages the student to set out the work

systematically thus encouraging logical thinking.

The Cubic Function

The entries displayed in FIGURE 5.22 show. the values of:
f(x)=x"3-6x"2+11x-6
f(x)=3x"2-12x + 11

f"(x) = 6x - 12
CELL ENTRY
A3 -0
B3 A3XA3*A3-6*A3*A3+11*A3-6
C3 3*A3*A3-12*A3+11
D3 . 6*%A3-12
a4 A3+0.25

The copying refers to using the copy facility of the spreadsheet when cell
references are automatically adjusted.

Cell Ad is copied into cells A5 up to A18.

Cell B3 is copied into cells B4 up to B18,

Cell C3 is copied into cells C4 to C18.

Cell D3 is copied into cells D4 up to D18.




(e =A--——~ LT B -—=C—=---

1 X Rt f’(x)
2 2xZ2 - x + 1

3 -1.5 2*A3*a3-A3+1 4+p3-1
4 A340.25 2*pa*pd-pd+1 4*pda-1
5 A4+0.25 2%¥A5*A5-A5+1 4*p5-1
& A5+0.25 2XRE¥A6-A6+] 4*p6-1
7 A6+0.25 2XAT*AT-AT+] 4*p7-1
8 AT7+0.25 2XAB*A8-A8+1 4*n8-1
9 AB+0.25 2¥A9*AG-A0+] 4*p9-1

10 A9+0.25 2*A10*A10-A10+1 4*a10-1
11 Al10+0.25 2*Al1*All-Al1l+1 4*p11-1
12 AL1+0.25 2*Al2*Al2-R12+1 4*p12-1
13 2al12+0.25 2*A13*Al3-Al3+1 4*p13-1
14 Al13+0.25  2*al14*A14-R14+1 4*p14-1
15 Al4+0.25 2*Al15*Al5-Al15+1 4*p15-1
16 Al5+0.25 2*Al6*Ale-Al6+1 4*a16-1

FIGURE 5.21a

e (== Bm=-—-- i O i~—=D———=- ——-E-—~—-

1 % E(x) £ (%)

2 2% X-x+1 4x-1

3 -1.5 7 -7
4 -1.25 5.375 -6
5 -1 4 -5
6 -0.75 2.875 -4
7 -0.5 2 -3
8 -0.25 1.375 -2
9 0 1 -1
10 0.25 0.875 0
11 0.5 1 1
12 0.75 1.375 2
13 1 2 3
14 1.25 2.875 4
15 1.5 4 5
16 1.75 5.375 6

FIGURE 5.21b




1 x E(x) £(x)
2 2x"x-x+1 4x-1
3 -0.75 2.875 -4
4 -0.625 2.40625 ~3.5
5 -0.5 2 -3
6 -0.375 1.65625 -2.5
7 ~0.25 1.375 -2
8 ~0.125 1.15625 -1.5
9 0 1 -1
10 0.125  0.90625 -0.5
11 0.25 0.875 0
12 0.375 0.90625 6.5
13 0.5 1 1
14 0.625 1.15625 1.5
15 0.75 1.375 2
16 0.875 1.65625 2.5
17
FIGURE 5.21c
\
t===R-~===i===B=====i~=-C-====i==-D=-===—=~F-—-== [ ~——F--—-
1 X f(x) £(x) £77(x)
2 .
3 0.000000 -6.000000 11.000000 —~12.00000
4 0.250000 -3.609375 8.187500 -10.50000
5 0.500000 -1.875000 5.750000 -9.000000 .
6 0.750000 -0.703125 3.687500 -7.500000
7 1.000000 0.000000 2.000000 -6.000000
8 1.250000 0.328125 0.687500 -4.500000
9 1.500000 0.375000 -0.250000 -3.000000
10  1.750000 0.234375 ~0.812500 ~1.500000
11  2.000000 0.000000 -1.000000 0.000000
12 2.250000 -0.234375 ~0.812500 1.500000 -
13 2.500000 -0.375000 -0.250000 3.000000
14  2.750000 -0.328125 0.687500 4.500000
15 3.000000 0.000000 2.000000 6.000000
16  3.250000 0.703125 3.687500 7

.500000 ‘

FIGURE 5.22

Graphics on the Spreadsheet
Most spreadsheet packages have a graphics routine available. SwiftCalc is able

to display data in bar graphs, pie graphs, line graphs with overlay facilities.




This is useful for displaying data, but cannot be used in an interactive
fashion. The power of the spreadsheet is in its ability to handie algebraic

equations and display values instantly. Conclusion

The spreadsheet provides a mathematics software package which is available on
mast machines. It can be used to solve some algebraic problems in a way that is
different from the traditional method. The 'if' situation is a feature of the
spreadsheet. For example:

if {(x) is a function and x=x1, what is the value of f(x} 7 The function can be
evaluated at one value of x, or at a range of values of x. The very fast

response using the spreadsheet allows more time to discuss the resu!t_s of such
calculations. Most mathematics software packages are graphics oriented. The

teacher can introduce a new function and a graph is drawn to demonstrate the

function. The discussion is centred on a visual display of the graph. This may

be a disadvantage. in contrast to this the spreadsheet will encourage discussion
of a table of values, and this is an important step which is missing when a
graphical display is too readily available. Practice in mathemnatical expression
and interpretation of data in a tabular form is important for the student. The
graph can be viewed afterwards to confirm the discussion. The author has
experienced the inability of students in Fiji to interpret data that is not in a
graphical form, possibly due to some language deficiency, but mostly because of

a lack of understanding of the _interpretation of the table of values.

The availability of the spreadsheet for all machines will he an advantage to |
places like Fiji that do n.ot have the resources to * develop their own
software. In addition the spreadsheet is also useful in teaching commercial
subjects, which are examined in the Fiji educational system. It is an important
tool in the running of a business, and its use in schools will certainly help in

the understanding of the subjects concerned.
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CHAPTER 6

6 PROGRAM CONVERSION

Program conversion here is taken to mean the transier of a computer program, to
be known as the 'source program’, from one brand of machine, to be known as the
'source machine’, to another to be known as the "destination program’ and
'destination machine’. The source program to be considered here is written in
Basic and the language of the destination program will be Basic as well. The rate

| at which hardware technology is developing is much fasfer than software
development. It is impossible to produce a piece of software which will be able

to run on at least two brands of hardware without any modification. One reads
about compatible machines being able to run the same program but with some
amendments. A computer magazine on the market today offers a software disk which
can be used on both the Amiga and the Atari ST microcomputers. The fact is the
disk is formatted to be read by both machines but the machines are reading two
different versibns of the same program. A possible solution for the problemis a
world standardised hardware brand, which is not a practical proposition. So the
problem of compatibility of software is going to be with us for a long time to

come.

The problem investigated in this chapter is the conversion of a program from a
source machine to a destination machine as an alternative to software
deQelopment in developing countries. The first time the author came across the
problem was when supervising the Microcomputer Based Teaching Project in Fiji
in 1984 (see Appendix J). The Project investigated ways of using the
microcomputer in schools in Fiji given the total lack of computer basics on the
part of the teachers. A colleague working on the project decided to use a

chemistry program which was written for the BBC microcomputer, but the project




used the Atari 800XL microcomputer. The chemistry program was not available on
disk or tape for this machine and was only available in the form of a listing in

BBC Basic. Bécause of {he lack of programming language knowledge the re-writing
of the program in Atari Basic was difficult. The program had good documentation

which indicated that it would be useful.

6.1 Why is Program Conversion Necessary 7

The experience mentioned above led the author to realise the importance of

program conversion especially as far as educational programs are concerned.

Conversion of other sources of information and ideas are being practised all the

time since the Bible was translated into the Fijian fanguage some years ago.

Today at the USP malterials on handouts which are given to students are gleaned

from textbooks written and published abroad. There is no reason why computer

software translation should not be acceptable to Fiji. Commercial programs are

put out to méke money and copyright rules are strictly adhered to where money is

concerned. Educational material, the author believes, is for international

consumption with less stringent copyright restrictions. With thié assumption the

conversion of programs is important fo developing nations like Fiji for a number

of reasons:

(i} the need for good quality software which is hard to find

(iy  the scarcity of resources required to produce good quality programs

{(iti) to avoid duplicating efforts already expended

(iv)  athorough knowledge of the program will be gained by the people doing
the conversion. In Appendix F, the students solving simultaneous
equations using a spreadsheet and a Basic program preferred a Basic
program written by themselves and not one already written for them by
someone else. They considered it easier to use the one they wrote

themselves. Even though converting a program is not the same as

writing the program, the person doing the conversion will have a




(v}

(vii)

(viii)

thorough knowledge of the program before it can be successfully
transferred. The person doing the conversion will be in a position to
instruct others on how to use the program.

during the conversion process the program can be amended to suit local
conditions. As with textbooks which are written abroad, references to

foreign town names do not help understanding which could be enhanced

by the use of familiar towns. In the MIME (Micros In Mathematics

Education) Project Unit described below a map of England is used to
demonstrate the .concept of Vector Direction and Magnitude. When
converting this for use in Fiji a map of the South Pacitic could be

used and directions and distances between islands used for
demonstration. The use of say the distance and direction of Tonga from
Fiji wilf do

more to enhance the ideas of direction and distance to a student in
Fiji than will the distance and direction of London from Peterborough.
The Fijian student is already aware of the relative positions of Tonga
and Fiji and mathematics learning is merely quantifying it. The task

of altering examples in textbooks is 2 major one and has been left
unattended. The alteration in one copy of a computer program can be
duplicated many times and will be much less trouble than altering a
set of textbooks.

the choice of software open to developing countries engaged in
software conversion will not be restricted as is the case now when one
criterion for software suitability is compatibility with the locally
available machine. If conversion was to be carried out this criterion
will be removed and the educational value of software given mare
emphasis when considering software purchase.

the choice of hardware also will not be restricted to those with




avajlable software. If the choice of hardware and software is
restricted, a monopoly situation will arise and this could be taken
~advantage of by unscrupulous dealers.
(ix) new mathematical ideas and theories can be introduced into the country
through the use of programs written abroad. This role is at present

carried out by the written text only.

6.2 Steps in Program Conversion
Three steps are identified as necessary when converting educational programs:
(a) identifying the program,(b) the fransfer of the program,(c) the training of

the destination program users,

6.2.1 Identifying the Program

When identifying a program three items which are to be transferred need to be |
considered:
(i) Ideas
The mathematical ideas of the program and the method of applying the
programs are fwo concepts that could be transferred when a program is
converted from a source machine to a destination machine. Mathematical
ideas are universal and mathematicians are keen to have their ideas
shared while developing countries do not have the facilities or
resources tb initiate new mathematical ideas. But when presenting
ideas, one has to be conscious of the level at which the ideas are
presented, the level being dependent on the audience. It is possible

that sometimes the level of mathematical ideas incorporated in a

program may not be suitable for the intended audience in the

developing country, although in most instances the ideas incorporated

in programs will be acceptable. Programs are developed for a specific




(i)

(iii)

mode of application such as demonstration, simulation, tutorial or
investigation. Is the application intended by the source program
applicable in the destination situation? Will it be an improvement if

the destinaﬁon situation is amended to accommodate the program 7
These are some questions that need to be considered when looking at
ideas incorporated in a program because they will also be transferred
when a program is converted. |

The next thing to consider is th.e form the program is avaitable in. It

is all very well having ideas to transfer but they need to be in the

form of a program. The program can be on any media, disk, tape or
paper. On paper it could be in the form of a flowchart which can be
coded with little trouble, or it could be ready coded in which case
language and hardware considerations are vital. Programs on disk is
the major topic of this chapter.

The third consideration when identifying a program to convert is
documentation. Good documentation is a feature of a good program. Some
programs use worksheets with supplementary material on them leaving
the computer to handle materials that cannot be presented effectively
on paper e.g. graphics and animation. The kind of information provided
in the documentation will differ between the source program users and
the destination program users in developing countries.

Identifying a program is the initial stage which in a developing

country includes where to get the program from and what sort of
programs ? Various sources of programs are available and they come in
different forms. For example, in the Project described in Appendix J

the chemistry program was available in a book on computers and not on
disk or tape. Kosniowski [4 1] provides listings of computer programs

in mathematics (see for example Listings 6.1 and 6.2) all written in
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Basic, in a way that they can be adapted to other microcomputers'- low
cost home computer, a sophisticated home computer or a business system
computer. He provides sample screen outputs and these show what shouid
appear on the screen when the pragram is running. Before the program
listing is given, the basic mathematical ideas incorporated in the

program are explained. Elgarten et al [42] provide ready-written

programs to produce different outputs and ready-developed flowcharts

for coding (see Listing 6.3). In both publications referred to above

the programs and the explanations are prdvided on disk or tape, but

also writte_n on paper. Before conversion the opportunity is available

to study what the pragram is about and decide if it is suitable,

Kosniowski {41] provides listings for the Sinctair and Commodore Vic

20 microcomputers, but Elgarten [42] does not specify any particutar
machine.

Kosniowski [41] gives a description of Polar Coordinates before a program to

plot Polar Functions is listed (Listings 6.1 and 6.2). Polar coordinates (r,z)
are defined and the equaiity of (2,pif2), (2,-3*pi/2} and (~2,-pi/2) is proved.
A Polar Function is defined, r = sin{z). The Polar Coordinates (r,z) (normally
(r.theta)) are converted to the Cartesian Coordinates (r*cos(z),r*sin(z))
The point {r*cos(z),r*sin(z)) is plotied with different polar retations.
Kosniowski suggests several equations:

r=1 circle

= sin(2*z) a four-leaved rose

r = sin{7*z} a seven-leaved rose

r=1+2*os(z) alimacon

r=1+cos(z) acardioid

r = z/4 a spiral

r=1+sin(2*2) atwo-leavedrose




r =1+ 2*cos(2*z) looping the loop
Four samples of screen outputs are then given (see FIGURE 6.1,and 6.2) and two
listings of the program are provided (see Listings 6.1 and 6.2)) one in
Com_modore Vic 20 Basic, and the other in Sinclair Basic.
Elgarten [42] defines a Harmonic Sequence and demonstrates how to find the
Harmonic Mean of two quantities with a few examples. A flow chart is then
presented (see FIGURE 6.3) followed by a Planned Output and a Basic listing of a
program ( Listing 6.3). Elgarten does not specify the Basic dialect.
The two examples given provide a source of programs that is available and comes
in written text form. The other source of programs is that which comes on a disk
or tape with the associated documentation. Programs developed by the MIME
Project at Loughborough University are available on disk with workcards to go
with the programs. MIME Units are written in BBC Basic_ and a detailed

description of the transfer to Atari ST Basic is given in this chapter.

6.2.1The Transfer of Programs

An important consideration, when translating a computér program from one version
of Basic to another, is the graphics involved. Since graphics and animation give

a computer some of its unique features, it is important that these unique

features are employed in the destination program in the same way that they were
employed in the source program. To lose some of the features of the source |
program will give the destination program a totally different meaning from that
intended. Now screén resolution which dictates graphic definition will differ
between machines. The transfer of graphics from a source machine with a screen
resolution of 320 pixels across by 200 pixels down to a machine with a screen
resolution of say 640 across by 400 down will mean better defined graphics in

the destination machine. The two Basic dialects will differ mostly in their

graphic commands since they are the machine dependent features of a program.




R = 1+ 2%C0S(2*7)

R = 1 + 2*cos(2)

FIGURE 6.1




R = |+ SIN2AZ)
R=1+ 00S(2)

FIGURE 6.2
200




¢. Flowchart
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LISTING 6.1 ; | | T

18 REM LRl el L TR T

28 REM | B SINCLAIR "% .

39 REM ¥ POLAR GRAPHICS w e
408 REM : ¥ ¥

98 REM ' RO OOOPROEO

£0 REM _

73 REM

1ge Eg :{.;/Ez:.;z.zm.zzz?y.zzzmz SETTING UP Ittt
1 B b=t o - |
138 LET Sy=42 o . . . SX and SY dendte.the nu -
{48 LET RATIO3.6 . ST - he muber of -, : T |
152 LET Hy=SY¥/2 points t:hat.g?_n be plotted on iy S |
:g: éf; Hy=SR 2 the screen, Putin the values i ' |
4 . 1BBPRINT " ' POLAR GRAPHICS" - appropriate for your computer. ‘
: . 158 PRINT — . . - The number RATIO is used to |
200 PRINT *1, R = {" : ‘ |
218 PRINT make a eirele look like a |
220 PRINT 2. R = SI2¥2*  *° " - gqipare Try other values if |
230 PRINT ; : ‘ e |
. . 249 PRINT "3 R = SINCTHZI . @.6 does not work. For the 2X |
, . .. 250 PRINT ’ - Spectrum use #.92.
S 268 PRINT "4, R = 142%C05(2)" A ' . |
: 27@ PRINT : ' |
220 PRINT “S, R = t+00S(Zy* < : . |
259 PRINT - |
+ 390 PRINT "6, R = $+SIN¢2%Z)" ' |
310 PRINT '
320 PRINT *7, R = 1424COSC242)* |
338 PRINT |
- 34 FRINT “TYPE IN THE NUMZER OF® e y |
- '33@ PRINT *THE EQUATION *; T : |
260 INPUT N : |
3€%5 PRINT N .
370 IF M=l THEN LET Afueq® . |
386 IF Ne2 THEN LET R$=*SIN(ZHZ)* |
s 398 IF Ne3 THEN LET A$="SINCP¥Z)* |
i 480 IF N=4 THEN LET Af="1+2¥C0S¢Z)" |
. "1 418 IF N=5 THEN LET At="1+00S¢z)e |
. | 428 IF N5 THEN LET Rs="1+SINCI#Z)" ' |
- © 438 IF Ne? THEN LET R$w"1+2¥C0SC242) : , : |
|
\
|
|
|
|
|
|
\
|
|
|
|
|
|
|
|
\
\
|
\
|
|

e e e e,

448 PRINT . '
459 PRINT “FOR STAMDARD PLOT USE A={ AND Bel® ‘
462 PRINT : :
478 PRINT *VALUE OF A *; I N
48@ INPUT B ' _ : : ,
. 485 PRINT R
. 498 PRINT
..388 PRINT "VALUE OF § *;
%50 INPUT B
515 PRINT B
28" PRINT ;
- 680 REN WHMLLLALRIZLLLLLLLE% CALCULATING RANGE OF R Reismtsmussnsrrsmsmsrmryms |
618 PRINT *CALCULATING RANGE OF R : !

. : . '

628 LET f=l,BE-30 " This part calculates the range

gig fg? g:gzggvggsgsp 8.1 - .. © " of R (approximately, to saye }

650 IF MCR THEN LET M=R+a,1 time), The graph is then |
e wexr 2 - .. scaled to fill your screen.” |

670 PRINT "READY FOR BLOTTING"
680 FOR I=1 TO 189 -
699 NEXT 1 -
a0 e ARG AR, PLOYTING Wittt
518 FOR Z»@ TQ 2#P1 STEP 0.81 _ R - -
820 LET ReYAL(A$) RM This PLOTs the graph. A check |

@ LET UsHX*HYWRATIONCOSCRIZ)% N ,
gga IF UCR OR UDSK THEN GOTO 589 i3 made to ensure that only |

839 LET YmHY+HYWSINCBYZ)IR/M the points that will fit on
ggg ;Eo‘;{g \.alR VoS¥ THEN GOTO ese the screen are plotted,

’ . . J
880 NEAT 2

900 REM KLUSKRKALLNNAAANLZ, ENDING AND ANOTHER GO Iuaseiiirisisnis s

910 LET C¥=[HKEYS

520 IF G#="" THEN GQTO 310 !

538 PRIN; -I%sz Go? ¥ OR N :
i ]

ggg %ETGK}“Y" AND G$OO"N" THEN COTO 968

980 IF G$e“y* THEN GOTO 170

9%@ ST0P

202 - )




LISTING 6.2

% The program POLAR GRAPHICS, which-1s an adaptation of the GRAPH PLOTTING
program, enables you to plot the graphs of polar functions. It has a ' |
library of several different polar functions which s;ou can experiment ) ‘
with. A versicn for Sinclair microcomputers is also inéluded. |

18 REM P L

28 REN _ * " |
39 REN : # POLAR ORAPHICS ¥ N
48 REM X ¥ : . .

5@ REN RO :

68 REN -

7@ REM ' :
100 REM L0z SETTIHG UP T T T AT A A
119 LET CS$sCHR$(147) ¢ REM CODE FOR CLERR SCREEN _
120 LET Skwi44 : REM SCREEN SIZE HORIZ
13 LET Sya176 : REM SCREEN SIZE VERT :
x4g LET Rﬂns-g.s " REM TO MAKE HORIZ & VERT LINES SAME LENGTH |
159 LET Hy=SY/
1€ LET HX=S4/Z SX and SY denote the num?er‘ of
165 GOSUB 131@ : REM EXTRA VIC 29 SETTINGS points that can be plotted on _
178 PRINT CS% @ REM CLS
! 160 PRINT *  POLAR GRAPHICS" the sereen. Put in the values . ‘
i 198 PRINT appropriate for your computer.
- - = 1Y
g?g r;g}:; LR=1 . The number RATIO is used to : ‘
228 PRINT "2, R = SN R make 8 circle look like a ' o ‘
230 PRINT :
248 PRINT 3. R = SINCZ#D" edrele. Try other values if
258 PRINT - @.6 does not work. |
_ 268 PRINT "4, R = 1+24C0S(D)"
. 270 PRINT : |
i 280 PRINT "3, R = 1+C0S(D"
298 PRINT - . |
308 PRINT “6. R = 1+SINCZ¥Z>* )
31@ PRINT |
, 300 PRINT *7, R = 1+2#COSC292)" |
i 330 PRINT : :
340 PRINT "TVPE IN THE NUMBER OF® : |
3%0 PRINT *THE EQUATION®:
368 INPUT N S : : ‘
‘ 370 IF Nel THEN DEF FNA(Z)=1 . . :
, 382 1F Ne2 THEN DEF FNACZI=SING2NZ) ) |
, 299 IF Ne3 THEN DEF FNA(Z)=SIN(7¥Z) _ , - |
b 00 IF Ne4 THEN DEF FNACZ)=1+2#COS(Z) - '
‘ 418 IF NeS THEN DEF FNACZI=14C0S(2) : : o
429 IF N<6 THEN TEF FNACZ)=1+SINCNT) : _
438 IF Ne7 THEN DEF FNACZ)={+24COS(2RE) ‘ :
449 PRINT , . ‘ C
<3 PRINT "FOR STRNDARD PLOT USE el AND B=i"
| 460 PRINT S
: 478 PRINT “VALUE OF A" .
486 INPUT A _ , -
498 PRINT
* #pP PRINT *VALUE OF B*}
518 INPUT 3B
520 PRINT




LISTING 8.2 (continued)

-

€pR REN ?‘/‘/.?‘/'/./‘ vy CALCULATING RANGE OF R &’..f'.".z’.(‘.a’./ '(“..f.('./r:/.'/.(.’?‘?

£10 PRINT “CALCULATING RAMCE DF R* ,

€20 LET M=i,0£~30

€30 FOR 2#@ 70 2#w STEP @.1 @ REW a=pl This part caleulates the range

€48 LET R=ABS{FHACZ))

€50 TF 11CR THEN LET MeR#D.1 of R (approximately, to save
time), The graph is then

£50 HEAT Z. . <
€70 PRINT “READY FO PLOTTXHG"

€26 FOR 1s1 10 1000 ) scalea to fill your screen.
£90 NEXT 1 .

700 PRINT C5% © REM CLS _ .

719 CO3UB 1019 ! REM FREPARE SCREEN IF MECESIRARY

SO0 REM Hainsi sl iy PLGTTIHC A A A A A A A A A A A7 L 4

§19 FOR 2=@ TO 2#¢ ITEF Q,al ' REM s=fi This PLOTs the graph. A check

220 LET R=FNA(Z)
830 LET UsHX+HY#EAT IORCOSCRFZI¥R/N 1s made to ensure that only
349 IF UCO OR UDSX THEN GOTO 259 the points that will fit on

293 LET Y=HY+HY#SINCE4ZIHR/M
560 IF W8 OR VoSY THEN GOTO 530 the screen are plotted. Use
g;’g Eg&_‘;]i‘_’nw * REM FLDT U,V PLOT or POKE as appropriate.
900 REM UNHAKATASINN RS ENDING AND AHOTHER GO wilknsindiinmy ?mzmzzz
910 CET CF : REM LET G#=[MKEY¥
20 IF Ge=et THEN GOUT0 910 |
930 COSUR 1212 : REM RESTORE SCREEW IF HECESSARY
949 PRIMT CS¢ : REM CLS
954 PRIMT * AMOTHER COT Y OR H®
96@ GET C¥ @ REM LET Gf=INKEYS
578 IF Q$O"Y* AND C$OH" THEHW GOTO 260
930 IF C‘-#""r“‘ THEH COTD 170

998 END * REM STOP
1000 REM MACLAMnir sy PREPARE HI-RES SCREEN FOR VIC 20 HiXiNzinx

1B10 POKE TE867,RT+12:POKE 36847, PEEKLRSRE7) AND 125) OR 25
1820 POVE 36266,R5-4:POKE 36RE4,R3+4

1838 FOR I=RR TO SSIPCKE 1.Q:HEXY 1

1248 FOR .1a@ TO Z19:POKE PP+I,1-22¢01POKE QO+1,2:HEXT I

18350 RETURN '

mg REMJ:?/?W.?##‘JJ%?:?.?‘.X‘W PLOT VIR POKE FOR VIC DO Zusiuylansvmeiommms,
1110 YuSy-y

1126 JxIHTU/E) :

1138 LaINT(U-5%T) Use the appropriate FOKEs for
1148 1XINTLV/1E)

1159 K=IHT(V-16%1> your microcomputer,

1160 W=RR+IHZEE+IHIEHK :

1178 POKE W, PEEKCH) oa 20¢7~L)

1182 RETURN .
. 1200 REM Azwz.z?faw.mwx'rm RESTORE “CREIﬂ'l FOR VIC 20 ZXeiRiudelinaniiii

1218 POKE 36863,R8:PUKE 36967,R6

122@ POKE 35866,RS:PUKE 36264,R3'POKE 138.8

1238 RETURH

1309 REN BIMIBHCRIALIZR AL V10 20 SETTINGS Wriuini it i bl
1310 Q=PEEK(4420=13 PP=76R0+EI524: G0=38400+0¥312

1326 IFQ=-1RANDPEEK(44)<32 THEN PRIHT"PROCRAM ABORTED - SEE APFENDIX":END
1320 RR=4896-Q¥312: ET=RR+3I0T/RI=PEERN(ICLET) ' RE=PEEK(3E267)

1340 RU=PEEK(IEREE) 'RISPEEK(ILILA)

1298 RETURN :
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LISTING 6.3

d Planned Output

l FINDING THE HARMONIC MEAN OF 3 NUMBERS
' - | ENTER THREE NUMBERS ? 2, 8, 1o

FOR THE NUMBERS 2, 8 AND 10

THE HARMONIC MEAN IS 4 14

EMTER THREE NUMBERS ?

e, The Program

10  PRINT "FINDING THE HARMONIC MEAN OF 3 NUMBERS"
20 INPUT "ENTER THREE NUMBERS'': A, B, C

30 IF A*B+B*C+A%C=0 THEN GOTO 100

40 HM=3%A*BxC/ (A*B+BXC+AXC)

50  HM=HM+.005

60  HM=INTC100%HM)/100 ‘

70 PRINT "FOR THE NUMBERS"; A; ","; B; “AND"; C
80 PRINT “THE HARMONIC MEAN IS"; HM

90 PRINT:PRINT: GOTO 20

100 PRINT "THE HARMONIC MEAN xs UNDEFINED FOR" A; B; “AND"; C
110 6OTO 90

120 END

\
A
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Educational programs rely very much on displays which can be coloured and
animated. In Kosniowski's {4 1] programs above the variable quantity F{ATIO is
used to make a circle look like a circle an the screen (see line 140 in both

Listings 6.1 and 6.2). The normat value is 0.6 but the value 0.92 is suggested

for the Sinclair machine. The variable SX stands for the number of points that

can be ploited across the screen and SY is the number of points that can be
plotted vertically on the screén (see lines 120 and 130 in both listings). These
vatues are used to calculate the rangé of points that can be plotted by the
machine. Without knowing the range the machine wiil try and plot points that are
not on the screen and delay execution time. The Commodore Vic 20 Basic uses the
commands POKE and PEEK to plot points (see line 1170 in listing 6.17) while the
Sinclair BAsic uses the command PLOT (see line 870 listing 6.2). With the
Commodore Vic 20 microcomputer the screen has to be prepared for a graphics
display (see lines 1010-1050) and restored later to display text (see lines 930,

and 1210 - 1230)}. In the preparation and restoration routines the commands PEEK
and POKE are used extensively. The Sinclair microcomputer prepares the screen
with the command CLS (see line 700) which clears the screen of any display and

it does not then require a restoration routine to display text . The complicated
routines involved with the screen preparation and restoration on the Commodore
Vic 20 were also necessary with the Commodore 64 and was one of the reasons the
author rejected the Commodore 64 in tavour ot the Atari 800XL during the early
days of computing in Fiji. When the plotting of the display is completed the |
program is halted to allow time for the user to view the screen. This technique

is employed to give the user some control over the running of the program, which

can be resumed by an input from the user. The Commodore Vie 20 Basic uses the
routine in lines 910 - 920: 910GET G$

920 IF G$=""THE GOTQO 910
In Sinclair Basic this is handied slightly differently in lines 910-920:




810 LET G$ = INKEYS
820 IF G$ =" GOTO 810

The program Listing 6.3 by Elgarien [42] contains the Basic commands PRINT,
INPUT, IF ... THEN, LET, GOTO and END. These commands are not hardware
dependent and they do not belong exclusively to one dialect of Basic, or shared

only by some dialects of Basic. They are present in ail dialects of Basic and that

is why Elgarten does not need to specify a machine for the program, which does not

display any graphics (see Planned Output in Listing 6.3). This is the type of

program that was much used in early Computer programming courses, and which the

author is now rejecting because of its lack of graphic display (see Appendix
B).
Data input methods can also differ between machines. In the programs discussed
above the only method of input employed is through the keyboard, though the
method of accepting and identifying the inputs are slightly different. The
prompt in the two programs is displayed as a menu. Say the choice is the
function R = SIN(7*Z). In the Commodore Basic the input is identified and
handled by:

390 IF N=3 THEN DEF FNA(Z)=SIN(7*Z)
to calculate the y coordinate(R) of a point

820 R=FNA(Z)
Ih the Sinclair Basic this is done by:

390 IF N=3 THEN LET A$="SIN(7*2)"

820 R=VAL(A$)
The VAL(A%) in Sinclair Basic, also available in BBC Basic, will allow the

function to be keyed in directly from the keyboard by the user instead of

restricting the choices of functions to those in the menu. This could be handled
by:




10 INPUT A3

20 R=VAL(A%)
Later models of microcomputers allow inputs by a ‘mouse’ manipulating a pointer
on the screen. This is used by the Atari ST in the BBC/Atari ST conversion.

discussed later.

6.2.3 The Training

The training of people o use an educational program is an important function

that needs to be carried out beforé the program is released to schools. This

could be achieved by good documentation and the teacher spending time studying
the program before using it with a class. This might seem unnecessary with
programs such as those discussed above w_hich are short, and where the demand on
the user for inputs is not excessive, but inactivity in the middle of running a
program in class due to fa_ck of input or wrong input éan be annoying and
disruptive. With programs such as the Units developed under MIME Project,
teacher training in the use of the programs is definitely essential. Training of

users is normally carried out by the designer of the program, which in the MIME
Project would include a subject specialist and a programmer: [n some cases the
subject specialist eventually becomes a programmer. In the situation where the
program has been converted, the person who did the conversion will be in a
position to catry out the training of users. During training revised

documentation of the program could also be designed with the help of the
trainees, who will be using the program in the field. Trainees’' comments and
criticism should be welcomed by the conversion specialist, not only while they

are in training, but also when they are out using the program in the classroom.
Continuous feedback from users and constant revision of the program conversion

should eventually result in a successful program. Areas in which trainees should

receive guidance include:




(i)  the mathematical ideas dealt with in the program

(i) the teaching style intended by the program and the possible style that
can be apblied

(it}  interpretation of program prompts and expected inputs

(iv)  interpretation of screen graphic dispfays

(v) actions that may cause the program to crash, and how to recover from
the crash (normally it should not be possible to crash a good

educational program).

6.3 Conversion of MIME Project Unit on Vectors

The availability of MIME Units

The MIME project is based at CAMET (Centre for Advancement of Mathematical
Education in Technology) at Loughborough University of Technology. The programs
are written in BBC Basic and are aimed at A Level students in British Schools.

There are MIME programs which are suitable also for students who are not

studying A Level mathematics and the program VECTORS is one. Mime programs are
available on disks for use on the .BBC mictocomputer and some on the IBM PC.
They are published by John Wiley & Sons Ltd, Baffins Lane, Chichester, Sussex, ‘
PO19 1UD, England, and are also available from their New York Office, J_ohn Wiley ‘
& Sons, 805 Third Avenue, New York NY 10016 USA. These programs have been
extensively tested in schools, whose commen@s and suggestions have been noted -
and incorporated where possible. The source programs available in MIME Units ‘
require a BBC microcomputer to enable the programs to be viewed in action. This |
will mean the expense in purchasing one source machine, which once purchased \
would be available for use in any future conversions involving the same source ‘
machine. Most educational programs are available on disks with some
documentation making the programs very much hardware dependent. An advantage |
seen in conversion is the elimination of the dependency on hardware when

selecting software. Should Fiji continue using the Commodore 64 microcomputer in




schools all it needs is one BBC, one IBM, elc and software developed for the
BBC, IBM, etc will be available to the schools on Commodore 64 once conversion
is available.

The philosophy, which has to be transferred as well, behind MIME programs'is the
use of the ability of micros to give graphic displays and movement on the

screen. Interaction is ah important feature which the authors of MIME U_nits hopé
will encourage investigatiqn, experimentation and simulation of practical -
situations. Particular problems can be demonstrated in class by the teacher,
entering parameters related to the problems. These ideas incorporated in MIME
programs must be transferred to the destination program o make it as effective
as the source program. The program Veciors is available on two disks which are
formatied to run on the BBC/B 40T (40 track disk drive) microcomputer. Two sets
of documents accompany the unit, a 'User’s Guide and Teaéher’s Notes’ and a set
of Workcards. The User's Guide and Teacher’s Notes describe the content of the
unit and the Workcards present the theory of Vectors. The User’s Guide also

contains instructions on how to start the Unit.

Organisation of the Unit on Vectors

The Unit is orga_nised into Parts 0 to 9, and each Part is divided into Sections.
Each Section is referred to by two numbers e.g. Section 4.2 is the second
section of Part 4. Part 0 contains instructions to enable an inexperienced user

to opérate the programl. Parts 1 to 9 contain subject matter as shown below:

PART 0 [nexperienced User Guide
PART 1 Displacement Vectors

1.1 Definition

1.2 Magnitude and Direction
PART 2 Equality and Other Examples

2.1 Equality of Displacement Vectors




2.2
PART 3
3.1
3.2
3.3
PART 4
4.1
4.2
PART 5
5.1
5.2
5.3
5.4
PART 6
8.1
6.2
6.3
PART 7
7.1
7.2
7.3
7.4
PART 8
8.1
8.2
PART 9

Examples of Other Vectors

Addition and Subtraction

Addition of Two Vector Displacements
Addition of Three Vector Displacements
Subtraction

More Addition/Subtraction

Two Forces

Two Velocities

Perpendicular Components

Resolution into Two Perpendicular Components
Exampie of Force Components
Examples of Velocity Components
2-D Cartesian Vectors

Resultants

Resultant of Two Veclors

Resultant of More Than Two Vectors
Equilibrium of a Space-craft

3-D Cartesian Vectors

The Unit Vectors

Coordinate Direction Angles

Addition of Several Vectors

Position Vectors

Scalar/Vector Products

The Scalar Product

The Vector Product

Exit from Unit

The program is loaded and a part executed when selected from a Menu. The

problems of conversion are investigated here by considering the conversion of
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the first Part, Displacement Vectors, of the Unit.

6.3.1 Conversion Approach

~ The program on Displacements Vectors (PART 1) being on disk and the availability
of a BBC B 40T microcomputer enabled the author to study the program in action,
in addition to being able to read the documentation and a program listing. This
is in contrast to programs which are available only as listings. It is much more
difficult to understand what is happening in a listed pragram than in a program
that is up and running. Two alternatives for tackling the conversion are
available with a program that is available with its associated hardware i.e. it

can be studied while running:

0] the author can translate the source program listing to the destination
program version. This would entail a line by line or sub-routine by

sub-routine translation process which would be troublesome if the

source program employs machine code routines which are called up from
Basic. Each command, statement and function of the source program has
to be interpreted which will place extra demands on the translator.
(i)  the translator can study the documentation and the screen outputs of
the program then develop a program in the destination Basic to give
the same result as the source program. The conversion author will by
this method concentrate on the one Basic dialect to achieve the
results which are visible on the screen. This will require the
conversion author to be a specialist in the subject matter of the
program.
The author after studying the Vector program decided to carry out the conversion
by the second method above. In keeping with MIME stated policy the program on
Vectors is graphics oriented to the extent that well over fifty percent of the

screen area is devoted to graphics with the exception when the Menu is




displayed. The second method of approach does not require the author to be an

expert in BBC Basic as well; all it requires is a knowledge of vectors and the

GF A Basic language which runs on the Atari ST microcomputer. The procedure in

the translation of the Vectors program will now be described.

Observation and Study of Source Program: Vectors
Due to the length of the MIME Project Unit on Vectors { PART 1 - PART 9) it was
decided to transfer PART 1 only which dealt with Displacement Vectors in two

sections:

(i) 1.1 Definition
(i) 1.2 Magnitude and Direction

Section 1.1 defines a displacement vector by:

(i) providing a scaled map of an area of En_gland on the screen, see FIGURE
6.4

(i)  drawing a pair of axes and placing Oxford town at the origin and
drawing displacement vectors to eight other towns on the map, see
FIGURE 6.9

(ifi) allowing'the user to choose any two towns on the map, and drawing the
displacement vectar between tha towns.

Section 1.2 defines magnitude and direction by allowing the user to choose any

two towns and it will: | |

(i) display the displacement vector

(i  calculate the magnitude and direction of the displacement vector

(iii)  display the magnitude and the direction on thé map ahd in a table.

The program is very much graphics oriented and this is evident in:

(i) the allocation of half the screen area to graphic displays

(i)  the number of different screen graphics displays used. In section 1.1




there are more than forty different screen displays from the first

display shown in FIGURE 6.4 to the end of the section.
There is excessive use of the Space Bar response by the user. From the siart the
Space Bar has to be pressed more than twenty times betore the expected response
is changed to another character ~.up to nine letters for the name of a town.
Then two numerical inputs are requested, the distance East and North of the town -
before it is back to psb (pre_ss space bar). While using the program with a .
class, one of the students commented it was like playing the game of 'Spot the ‘
Difference’. She was finding it difficult to differentiate between the displays
in between the psb's. Two kinds of menus and a current status menu are avallable
in the program. Menu 1 allows the user to choose which PART of the Unit fo use,
While Menu 2 allows the user to choose the section to use. The status menu Menu
3 tells the user which part of the unit is being used. \

MENU 1

VECTORS
PART  CONTENTS o
INEXPERIENCED USER GUIDE
DISPLACEMENT VECTORS ‘
EQUALITY AND OTHER EXAMPLES | ‘
ADDITION AND SUBTRACTION
MORE ADDITION/SUBTRACTION
PERPENDICULAR COMPONENTS
RESULTANTS
3-D CARTESIAN VECTORS
SCALARIVECTOR PRODUCTS
EXIT FROM UNIT

0w o0 N O G AW NN - O

ENTER NUMBER THEN PRESS RETURN

N




MENU 2

VECTORS
DISPLACEMENT VECTORS
SECTION CONTENTS
1 Definifion

2 Magnitude and Direction
ENTER NUMBER THEN PRESS RETURN

|

\

|

|

|

|

|

|

|

|

MENU 3 1
|

VECTORS ;
CURRENT STATUS
|

|

|

|

|

\

\

o

(INEXPERIENCED USER
DISPLACEMENT VECTOR

1.1 Definition

—

1.2 Magnitude and Direction

w

ADDITION AND SUBTRACTION
MORE ADDITION AND SUBTRACTION

=N

1.1 psb

The Current Status menu displays all the PARTS and shows a break down of. the
PART in use which is also highlighted by displaying it in a different colour

from the rest of the text in the menu. {t is displayed at the end of each

section before going on to the next section.Pressing the BREAK key during the
running of the program returns the user to Menu 1. Pressing the ESCAPE key
restarts the current PART or Section.

The program starts off by offering the user Menu 1, then Menu 2 fo which the




user responds with a number indicating the choice of PART and Section. Menu 3 is
then displayed to which the response is psb. The first four displays are shown

in FIGURE 6.4 - FIGURE 86.7. The diagrams show the screen display ot the
destination machine, the Atari ST.

As the'source program is essentially a graphic diSpIay'of displacement vectors,

it is essential for the destination program Basic dialect to have good graphic
facilities. A discussion with reference to graphic facilities of the Basic |

language dialect used in the conversion is given here.

6.3.2 GFA Basic On the Atari ST

The destination language used is the GFA Basic Interpreter. There is also a

compiled version of GFA Basic but facilitiés provided by the Interpreter version

are considered ample for the task and throughout the discussion GFA Basic will

be taken to mean the Interpreter version.

The commercial description on the packaging of the GFA Basic v 2.0, which comes

on one 3.5 disk with a 290 page manual, is that it is a compact high speed

interpreter with 11 digit accuracy, it is structured, it uses GEM (Graphics

Environment Management) and haé a user friendly editor. Three essential

differences from traditional Basic are listed:

(i)  there are no line numbers in GFA Basic

(i)  only one command is allowed per line

(iii) there are a few new structured commands and the structure of some
traditional commands have been adapted.

An extra feature in GFA Basic is the availability of a program called

GFABASRO.PRG on the language disk and it allows the running of a GFA Basic

program GFA Basic interpreter. [t is called the ‘Run Only’ version of GFA Basic

and it cannot be used to write programs. The converted program in a place like

Fiji could be passed on to schools with just the Run Only program which will not




allow users to tamper with the programs, but only to use them. A copy of the
converted program is available on disk accompanying the thesis. The disk also
holds a copy of GFABASRO.PRG which has to be run first before the converted
program can be run.

Any reference to Basic commands from here on will, unless otherwise stated,

refer to GFA Basic on the Atari ST microcomputer.

6.3.3 Features in the Conversion of the Screen Layout
Three Screen Areas |
The demarcation of the screen into graphics and text areas is a feature of the
source program that had to be iransferred. GF A Basic provides the graphic
command:

BOX x1,y1,x2,y2
which draws a rectangular box with diagonally opposite corners at (x1,y1) and

(x2,y2).

Mixing of Text and Graphics
In the source program, text is mixed with graphics in the graphics area in the
top right box of the screen display. GFA permits the writing of text anywhere on

the screen by the graphics command:

TEXT x.y.[l,1a$
which writé the string a$ at point (x,y) on the screen, and I' is an optional

parameter which determines the length of the text to be displayed. The colour,

size, rotation and style of the text can be set by the graphics command DEFTEXT.

Screen Size
The destination machine, Atari ST, offers three standards of screen resolution:

(i) low resolution with 320 pixels across and 200 pixelé down the screen

(i)  medium resolution with 640x200 pixels




(iii). high resolution with 640x400 pixels.
The destination program is written in medium resolution which gives a
satisfactory definition to the graphics display.

The screen origin with coordinates_(0,0) is at the top left of the screen.

6.3.4 Other Graphics Commands

LINE and DEFLINE

LINE x1,y1,x2,y2 draws a line from point (x1,y1) to point (x2,y2) and DEFLINE,
which determines the type of line to be drawn, are two very useful commands in
the conversion. DEFLINE sets the line style, line width and type of line,
beginning and end. The line ends facility allows for the arrow head in drawing

vectors.

DEFLINE [s],[wl.[al,[e]
s defines the style i.e. dotted, dashed etc
w the width in graphics dots
a the type of begihning
e the type of end.
Beginning and end type are:
0 for normal
1 for arrow
2 for rounded.
PLOT

PLOT x.y draws a dot on the screen at point (x,y}

DRAW
DRAW x,y  also plots a point at (x,y) |
DRAW TO x,y connects the point (x,y)} to the previous point drawn by
PLOT, LINE or DRAW

218



DRAW x1y1 TO x2,y2
draws a line from (x1,y1) to (x2,y2)
COLOR
COLORx  determines the colour used for drawing and plotting. In
low resolution x can be any number from 0 to 15, in

medium from 0 to 3, and in high O or 1.

6.3.5 Other Useful GFA Basic Commands

Another feature ot the source program is the interaction with the user where the
program prompts the user and waits for the user to respond with a psb. The
source program empiloys this technique often. GFA Basic can handle the situation

with the following routine:

REPEAT

A$ = INKEYS

UNTIL ABO™
when any key pressed will cause the computer to continue with the execution of
the progfam. The command(s) between REPEAT and UNTIL will keep being executed
until the condition specified in the UNTIL command is satisfied. The command in
this case means allocate to string variable A$ the character INKEY$ which is
generated by the keyboard. If ho key is being pressed INKEY$ will hold the
empty character indicated by the two double quotes with nothing in between(™).
This value will be passed on to A$. As soon as a key is pressed INKEY$ will no
longer contain the empty value ("") and A$ will also be empty i.e A$<>"". The
key pressed can be specified by changing the bottormn line to:

UNTIL A$=CHR$(32)

where CHR$(32) is the character (non printable on screen) generated by the

keyboard when psb is pressed. Any key can be specified by replacing 32 with its
ASCIi code (see TABLE G.1)




Mouse

The user of the source program can respond only by means of the keyboard,
whereas the user of the destination program has the option of using the ‘mouse’,
which controls a pointer on the screen in order to respond to the program. As an
illustration take the psb response. To use the mouse for this response the
letters psb are displayed on the screen at a [ocation starting at a point

(x1,y1). There are three characters to be displayed so that will take up 3x8 =

24 pixels across. Each character in the Atari ST screen is 4 pixels high,
therefore the psb display will take up an area of 24x4 pixels as shown (enlarged

and not to scale):

........................

........................

If the bottom left hand corner of this rectangle is point (x 1,y 1) then the top
right hand corner is (x1+24,y1-4). Remember that the origin of the screen has
coordinates (0,0) at the top left hand corner of the screen. The command:

MOUSE x,y.k
will determine the position of the mouse (x,y) and also the status of the mouse
button (k). To wait the psb response in the illustration above the routine will
be:

REPEAT

MOUSE ab,c

UNTIL a>x1 and a<x1+24 and b>y1-4 and b<yt and c=1
where the variables a and b will keep reading the position of the mouse as the
mouse travels around the screen. ¢ will read the state of the buttons on the
mouse:

if c=0 none of the two buttons on the mouse is being pressed




if c=1 the left button is being pressed

if c=2 the right

if c=3 both are being pressed.
The values for a,b, and ¢ specified in the last line of the routine are to be
satisfied before the program proceeds and this will be achieved by moving the
mouse to the area of the screen containing the leflers psb and clicking the left
button of the mouse. The avai!abi!ity of the mouse on the destination machine
provides a useful alternative to keyboard entry.
Students who tried out the source program were pleasantly surprised by how
mathematics could be presented in such a colourful way, and even though they did
not understand all the mathemétics, they were happy to use the program, except
for the monotony of psh. In the destination program the author has incorporated

the use of the mouse.

Mathematical Functions
In addition to traditional mathematical functions found in most Basic dialects,
GF A Basic includes:

Pl for the value of 22/7

HEX$ (x) which changes the value x into a string expression of the
hexadecimal value of x

BIN$ changes a decimal to binary

OCT$ changes a decimal to octal.

5.3.5 Conclusion

- There is more to the GFA Basic, but the author has given here the features which
have helped in the conversion of the MIME program Vectors, PART 1. This
particular conversion has helped the author tremendously in many ways:

(i) understanding the program, which is important if one is to use an




educational program successiully |

(i)  understanding the mathematical concepis presented in the program,
which is necessary to avoid underestimating or overestimating the
level of the program

(i) increased knowledge of the destination language GFA Basic, which will
be useful as it will be available locally in Fiji -

(iv)  increased knowledge of the destination hardware, the Atari ST .

‘micracomputer _

(v) some skills in prograrnming have been gained, especially in graphics.
The ability to control the mouse on the screen is_ really pleasing and
very attractive,

With languages like GFA Basic around the quest for compiled languages should be

unnecessary. |

There are great rewards to be gained by students and teachers, especially in

developing countries, from a conversion exercise. It provides software for local

consumption as well as training for skills that are in great demand.

A copy of the destination program is available on disk; - -
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CHAPTER 7

7 SUMMARY, RECOMMENDATIONS AND SUGGESTIONS

FOR FURTHER RESEARCH
Computer literacy will be an essential qUaIiﬁcation in the next century in
which children born today will be spending their working lives. Developing
countries cannot afford to be left in the dark about advances in computer
technology, and at the same time they cannot afiord to lead the way. They must
as a matter of survival depend on developed nations who are willing to share
their expertise and other resources. Fiji, like other developing nations, must
be ready to take advantage of what developed nations have to offer and not

passively accept new technological innovation. By this the author means Fiji

must investigate how best to utilise the advanced technology to gain maximum
benefit for its own situation and not accept it on its face vélue. Computer
technoiogy is in Fijt to stay and it is up to the people there to use it to

maximum benefit. Without the active parlicipation of researching and
investigating the best way of implementing that technology, Fiji will be

deprived of its benefits. The author has researched the use of computers in the
teaching and learning of mathematics in Fiji, and this chapter summarises this

research, makes recommendations and suggests areas for further investigation.

7.1 Summary

The thesis began with the background to the investigation by describing the
country, its education system and the state of the art. Microcomputers arrived
for use in the classrooms in Fiji in 1984 and were put there by the government.
Because of what the author has termed the passive acceptance of this
introduction of computers into education by the Ministry of Education in Fiji,

problems have dogged the innovation from the very first day. The thesis has

highlighted these prablems which include:



(i)

(if)

(iii)

(iv)

(v)

(vi)

The Ministry did not have a definite policy on what role the computers

were to have within the education system. Fiji schools are run on very

traditional lines where an examination syliabus is drawn up and the
curricutum follows it closely. There is no provision for
experimentation or innovation that is not part of the examination
curriculum. With an inflexible curriculum, new innovations like |
computers were taken on as a voluntary extracurricular activity.

Physical amenities were not provided to accommodate the computers.

Resources are scarce and schools depend on the government for much of
their needs. Because of security reasons the storage of expensive

items creates an additional probiem to that of the lack of jaboratory

space for use in teaching.

Proper pre-service ot in-service fraining of teachers was not

provided. For a new innovation to be successiul it needs skilled
manpower to coordinate aclivities. Some computers were still in their
packaging and were unopened one year after being issued to schools,
due to lack of even the most basic knowledge of computers on the part
of teachers. Work on use of computers in teéching should also form
part of pre-service programmes.

Suitable software was not available. Without software and skifled

teachers to write programs, the computer in the classroom is a waste
of resources.

The maintenance of hardware was not available. In some schools

hardware problems remained unattended for lonhg periods due to non-
availability of expert assistance.

Information on the technology was not pravided tg enable self help

groups to be formed. There was no forum for consultation or means of

disseminating information which would help the novice. Teachers who




wanted to learn more were unable to get any information on the

subject.
The Ministry of Education did not explore all sources of expertise availabie
within Fiji to help the introduction of computers into schools. An altempt by
the USP to establish liaison was totally ignored by the Ministry of Education.
The pooling of resources, and whatever contributions are available from persons
outside the education sector, is important in a place like Fiji. In view of the
problems caused by the introduction of computers into education in Fiji the
thesis set out to explore ways of solving them,with particular reference to the
teaching of mathematics. |
A definition of computers, relevant to education, was presented which should
initiate discussion on the role of computers in the Fiiian education system.
This should involve a review of educational principles and aims, and this can
only benefit the system, even if computers are not to be used'. A practical
description of a simple computer system was given to support suggestions for
the teaching of computer mathematics without access to hardware. Computer
mathematics is defined as those topics in mathematics which are applicable to
caomputer hardware, and their inclusion in a mathematics programme will aid the
understanding of computers. The point being made is that some benelfits bf
camputers can be gained without access to hardware.
To solve the problem of software availability in Fiji the use of the spreadsheet
for teaching mathematics was put torward and discussed in detail. This provides
a source of ready made software which is not machine dependent like most
teaching packages. The spreadsheet is available on most brands of hardware.
Software development may not be keeping up with hardware development, but the
spreadsheet, being a commercial software package, is put out by soitware houses

as an early priority when a new machine is launched. The author believes that

the spreadsheet can be applied in the teaching of mathematics, and that this is




a possibility well worth considering for Fiji. The power of the spreadsheet to
manipulate numbers and formulas make it suitable for processing numbers and
algebraic expressions. In addition, it must be remembered that most packages

come with a graphics routine which will display data in different types of

graphs, making them very suitable for primary, secondary and higher mathematics.

The conversion of a program, developed for a particular brand of machine, to run
on another machine was discussed in detail. This is suggested as a source of
software for developing countries, who do not have the facilities to develop
their own. It has the following advantages:
0] developing countries will not be restricted to buying a certain brand
of computer |
(i)  the choice of software available is wider whe.n conversion is available
(i}  the opportunity to amend imported software and give ii a local flavour
is available during conversion
(iv})  during conversion the converter is able to study the program in depth,

and so later can instruct others on how to use it.

The illustration used in the investigation is the conversion of a MIME Unit

program on Veclars, developed on the BBC microcomputer, o run on the Atari ST
under GFA Basic. The most time-consuming features of the conversion are those
wh'ich deal with the Qraphics, which is the machine dependent part of the

program. it is hoted by the author that conversion from a program listing is

more compticated than that done by studying the program displays while the
program is running. The conversion of programs as an alternative to developing

programs is put forward as an important source of software for Fiji.

7.2 Recommendations

The recommendations given here are drawn from the author’'s research in Fiji



during the period before the two Military Coups in 1887, which prevented any
more wark being done in the country. Travelling within, into and out of Fiji

during the interirh period between the two coups and after, was then and still is

cofleagues in Fiji went astray and to-date remain unvalidated and untested.
Consequently further research by the author was carried out in Leicestershire
schools and by consulting other professionals at CAMET. The author makes the

following recommendations which the Gavernment of Fiji should initiate:

)] A detailed policy paper on computers in education should be drawn up.

This has been long overdue.

(ii) A chain of communication for the administration of. and dissemination

of information_about, computing should be set up. A suggested

structure is shown in FIGURE 7.1.

USE
Fil Other Pacific Regional
Ministry of Education Governments
Western Central astern Northern

r

schools schools sch‘fnois schools

FIGURE 7.1

There is already in existence a structure of adminisiration which
divides the country into four Divisions, Western with its headquarters
at Lautoka, Central with its headquaters in Suva, Eastern with its

headquaters in L.evuka and Northern with its headquaters in Labasa. A

|
|
|
|
|
l
impossible, and computer disks and program documentation sent by the author to
|
|
|
|
|
|
|
\




(i)

(iv)

(v)

(vid

Director should be appointed {o the Ministry of Education headquarters
in Suva and each Divisional headquarter shouid have an officer to be
responsible to the Director, and also to liaise with the schools in

the area. USP should establish an Instifute of Computer Studies to
initiate Computer Studies activities in the South Pacific Region. Th_e
Director should liaise with the Institute, which would take over the
Computer Centre at Nasinu, presentily run by the Ministry of Education.

The in-service fraining of teachers should be intensified to replace

the six-monthly two week courses currently held during the school
holidays. Courses should be formal and take place during term time to
emphasise the importance that the technology should be afforded.

Teachers on the course should represent all the tour Divisions.

Computer Science studenfs at the USP should cafry out conversion of

proarams as part of their course requirements. This should provide two

benefits; knowledge of hardware and software by students, and programs
for schools. In this way the Institute at USP could guickly build up a
library of software for the use of schools in the region.

Hardware purchase should be negotiated with manufacturers instead of

with High Street stores. Negotiations should include assistance with
maintenance, which should be managed by the Institute at USP in
conjunction with the Computer Science Course,

Schools should be strongly recommended 1o use the spreadsheet as a

teaching resource package for 3 main reasons:

(1) itis availabie as it stands for use in mathematics teaching
| (2) accountancy is an examination subject and spreadsheets are
much used there

(3) trading by Cooperative Associations is an established



commercial enterprise in Fiji, for which knowledge of the
spfeadsheet will be useful,
{vii)  Areview of the mathematics syllabus in schools should take place with
a view to the inclusion of computer studies and some computer
mathematics which could be taught without having access to hardware.
The aim‘here is to provide information to as wide an audience as
possible. | | |
(viii) A programme of ‘computer awareness'/'computer literacy’ courses for
the general public should be mounted using the media of daily
newspapers and radio broadcasts.

(ix) Computers on wheels is an option to make software and hardware

available to as wide an audience as possible. Instead of bussing
students to a computer centre, the computing facilities could be
installed in vehicles and transported to the schools. The adoption of
this option is strongly recommended in order o solve the immediate
problem of shortage in computing facilities and to help spread
Computer awareness to pupils in remote areas.

(x) The pre- serv1ce treining programme for teachers.

must include 'computers in educstion
These recommendations should be treated with urgency, dtherwise the nation will

find itself further disadvantaged as a result of the rapid development in

computer technology.

7.3 Suggestions for Further Research

During the investigation the author identified other areas that could be of
benefit to Fiji that need researching to establish their feasibility. These
areas are;:

(i) There is an application for solar powered microcomputers in the

country, where solar power is in use for lighting, fencing and

powering light domestic appliances. (A rural primary school teacher

229



has written to the author expressing his wish to use computers, and
saying that he is in a position to persuade the village elders to
allow the school to use the community lighting generator for a couple

of hours in the day).

(i) The use of computers in conjunction with radio and television

broadcasts as a teaching medium is an option that should be

investigated. Due to geographical features, communication by road is
difficult in Fiji especially in the interior of the main island. Radio |
and television can reach these parts, and also the outer islands of

the group. The USP Extension Services employs a HF communication
network with other island centres to conduct tutorials and meetings,
and this could be the starting point of the research.

(i) The assembly of microcomputers for home consumption has many

advantages. A project of this nature was put to the government in the
early eighties and should be re-examined.

{(iv)  The application of computers across the curriculum is an area which .

has been slow to develop, and needs an initiative.

7.4 Conclusions

The thesis sets out to investigate the application of computers in the teaching

of mathematics in Fiji. During the research the author realised thaft, at this

early stage of computers in Fiji, the greatest prablem is the

implementation of the introduction of computers in education in general. A

general lack of information on the part of those t_hat were {o carry out the "

ground work was in evidence, and this has come about due to lack of consultation
and dialogue. The author proposes that the implementation of the recommendations
will solve the problems identified, and the further research in the areas

suggested should ensure that Fiji is not totally illiterate or too far behind




other countries in this respect in the next century.
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APPENDIX A

A Trial Project On Using The Microcomputer As A Teaching Aid
The project was carried out with a group of Foundation Mathematics students at

the Univers'ity of the South Pacific.

Mathematics Topic

This was picked from those topics offered by the Foundation mathematics
programme in 1984. To coincide with whét the rest of the foundation students
were studying, the 'Functions and their Graphs’ topic was chosen as the topic
fof the project. The subject of graphs is also suitable for computer treatment.
Functions covered in this topic include polynomial and rational functions, their

graphs, x-intercepts and y-intercept.

Software
Mathematical software was not available in Fiji and the author wrote the
programs for the project. Two routines were written: 'Poly’ for investigating

polynomials and 'Rational’ for rational functions.

The programs:

(i) will allow the input of a function

(i)  will calculate and display coordinate vaiues or draw the graph

(iii)  will draw the graph slowly with high definition or quickly showing the

outline only

(iv)  will allow the choice of interval of x to be investigated.




The two programs, both written in Basic, differ only in their function input
routine. The function is input by changing line 100 of the programs. To
investigate the quadratic y = 2x2 + 3x, the entry in program Poly is:

100 y = 2%x*x + 3*x
To investigate the rational function y = 2/(x-1), the entry in program Rational -
is:

100N=2:D=x-1
The function input routine in the program Rational includes:

110Y =N/D
which defines the value of Y.
Two separate programs were preferred to emphasise the special differences

hetween polynomial and rational. functions. The programs’ output included:

(i) graph or coordinate values

(i)  xintercepts

(i)  yintercept.

Hardware

The hardware system consists of:
()  screen |
(i)  Atari 800XL microcomputer
(i)  disk drive.

Three microcomputer systems were shared by forty students.

Administration | ' |
The computers were housed in the author’s office due to lack of space in the

mathematics department. The other alternative was to move them to the classroom

and back after the class. This was considered unsatisfactory.




A booking system was used to allow those that wanted to work by themselves the
opportunity to do so.

The 'Functions and their Graphs’ topic would normally take fitteen sessions of

fitty minutes each. The same time was allowed for the project, except that

students were allowed to use the programs whenever they were available and many

of them ook advantage of the opportunity.

The first three fifty minute sessions were spent in the classroom introducing

the topics and describing how to operate the programs.

The programs Poly and Rational required the students to be familiar with the
following commands and facilities:
LOAD - to load a Basic program
RUN - to execute a basic program
How to insert a new line in a Basic program - this is to enable
students to enter a function,
Defining a Function using Basic language - e.g. v = x*x*x + 3*%x
CONT - to continue running the program after a stoppage,
CLR/SHIFT - to clear the screen and put cursor at the top left hand
corner of the screen.
Students were also shown how to respond to prompts, e.g.
[NJEW FUNCTION
[QIUIT

which require an ‘N’ or a 'Q" as input.

The other prompt used in the programs is:
READY TO PLOT

which requires the user to press any key as input.




Conclusions

The students found the new experience fascinating and absorbing. The technbiogy '
with its ability to interpret inputs gave mathematics learning a new meaning.

When the program responded to the students’ inputs and graphically reflected
their theories class activities took on a new turn. Mathematicai verbalisation

and interaction between students rose to new héights. Students were seen to work
problems out to try and prove the program wrong. Students explained to other
students why the screen display and the expected theoretical display are not
exactly alike though they are both correct. There was friendly rivalry amongst
students to see who could come up with the most fascinating graph. This led to
the investigations of functions well beyond the scope of the current level of

{opics.

The speed with which the program responded was a great motivator f_or students in
ail activities. The importance of computer graphics is recomrhended to all

students, some of whom commented on its usefulness. The computer screen had a
hypnotic effect on the students and the knowledge that they could determine the
shape to be displayed added to the attraction. Their fascination with the

electronic séreen may be partly because of novelty due to the recent introduction

of video systems in a country which has no television broadcasting service.

It was noted that even though opportunities to work alone were made available,
the students preferred to work on the machine in large groups of four or five.
This number enables all to make a contribution, and also there is always a
suggestion for the input. With a still targer group, not all wil} be able to

make an active contribution, and with one or two only, suggestions are liable to
run cut creating a lull in the activities.

Computers can make a significant impact on mathematical experiences and learning

at Foundation level at the University of the South Pacific.




APPENDIX B

COMPUTER PROGRAMMING: GRAPHICS FIRST
Many books on introduction to Basic Pragramming begin with the input,
assignment, and output commands;

INPUT, LET, PRINT
The commands LET and INPUT require a certain level of mathematical knowledge
beiore they can be fully understood. it involves the algebraic concept of
variable. Unless PRINT is used with a constant, it foo will require the same
mathematical pre-requisite as INPUT and LET.
The statements;

PRINT 4*3 i

PRINT "HELLO"
are not as confusing as;

PRINT A

PRINT A
where the numerical variable A, and the string variable A%, are used and the
student is required to cope with two concepts at the same time, that of
assignment and output.
Computer courses at the University of the South Pacific, and in the schoacls in
FEiii, followed the trend of infroducing INPUT, LET and PRINT at the beginning.

Sample programs at the beginning of computer courses are of the type;

10 INPUT "WHAT IS YOUR NAME " NAME$

20 INPUT "WHAT YEAR WERE YOU BORN " YR
30 LET AGE=1980-YR

40 PRINT NAMES;" YOU ARE ";AGE;" YEARS OLD"
50 PRINT"GOOD BYE"

B1




Students who are new, not only to computer technology but to any sort ot
technology, find it very difficult to cope due to a lack of background knowledge
most of which is gained from every day experience.

A student at sixteen plus in Fiji needs to cope with a lot of technological
experiences in a short time to catch up with his or her counterpart in the
developed western world. The sixteen year old Fijian student needs to undergo a
crash course on experiences which a student in an industrialised nation lives
through from day one. In trying to cope the student in Fiji will resort to

learning methods that are less effective than learning by experiences.

The introduction of new technology in Fiji needs to cater for the lack of basic
technological experience of Fiji audiences. The problem could be addressed by
good public relations, i.e. by making available information about the new
technology and by open discussions on the subject. Information provided must be
given in very simple terms and an attempt made to educate the public in the

technology.

Computer programming should be approached in a way that enables the student to
see results. Computer graphic displays are an attractive way of showing results.

The practice of teaching INPUT, LET and PRINT first in Basic Programming courses
is understandabile given the lack of graphic facilities in early microcomputers.

At the University of the South Pacific computer programming courses were given
using the Pet Commodore microcomputer, which has restricted graphic facilities.
Lines drawn on the Pet Commodore microcomputer have different definitions
according to their gradients. To give an acceptable description of why the lines

Jook like those in Figure B.1 a certain leve! of advanced computer knowledge is

required, and this is at best very limited.




FIGURE 81

In Fiji schools, the Commodore 64 microcomputer is used, and it is possible,

with some degree of sophisticated programming, to display graphics on the
machine. Unfofiuna‘tely graphics in Basic oh the Commodore 64 are littered with
the POKE and PEEK commands, which aiso need some advanced knowledge of
computing to cope with. Consequently programming courses in Fiji began with the
input, assignment and output commands.

With the microcomputers available today, graphics capability is a selling paoint.
The BBC microcomputer offers more than one graphic mode with difterent
resolutions. The Atari microcomputer which is available in Fiji has graphic

commands available in Basic.

Graphics on the BBC Microcomputer

A graphics approach on introducing programming in Basic was tried out with some
third and fourth year secondary students in a Leicestershire school, using the

BRC microcomputer.

Worksheets 1 to 5, (W/S 1- W/S 5), investigated the graphic commands, MOVE and
DRAW on the BBC. These two Commands are, in the first instance, investigated in
the Direct mode; i.e. where the Commands are typed in and the computer responds

immediately. This is achieved on the BBC by entering the commands without line




numbers. In WIS 1 aline is first drawn by entering the commands:

MOVE 100,100

DRAW 100,500
Succeeding entries of the two commands leave all parameters unchanged except the
first parameter of the command DRAW which was increased from 100 up to 500 in
steps of 100. The-student copies the diagram displayed on the screen on to

paper, and is asked to describe any changes observed.

WIS 2 follows the same patiern of activity except for the first line drawn is:
MOVE 100,100
DRAW 500,500

and succeeding entries decreased the second parameter of the DRAW command.

In WIS 3 the initial line is:
MQOVE 100,160
DRAW 500,500

and succeeding entries increased the first parameter of the MOVE command.

MOVE 500,500
DRAW 100,100

and succeeding entries increased the second parameter of the MOVE command.

in WIS 5 initial line is:
MOVE 100,100
DRAW 500,500

and the succeeding entries varied one of the parameters.

A Program is given at the end of W/S 5 using only the commands MOVE and DRAW.
A setof W/S 1-W/S 5is on pages B6-B10.

\
|
|
|
|
|
|
|
|
|
|
|
|
In WIS 4 the initial line is:
|
|
|
|
|
|
|
|
|
|
|
|
|
\
|
|
|
|
|




Comments and Observations

There was definitely more interest shown when students could seé something for
their efforts. This is in conirast to when students.are infroduced to

programming through INPUT, LET and PRINT commands which do not tavour Direct
mode operation very well. Typing LET A = 4.5 on the keyboard does not give a
visual effect to show that the assignment has been atfected.

A considerable amount of discussion ensued during the session as students
compared their results, which depended partly on their keyboard skilis.

Some students investigated the eftects of changing parameters to values other

than those given in the Worksheets.

Many ditterent shapes were dfawn by varying the numbers in the program in W/S 5.
The shapes produced by each Worksheet were similar in lots of ways and it was
difficult for some students to grasp the significance of changing the parameters

unless these were pointed out to them.

An introductory Programming course in Basic for Fiji primary schaools using the

graphics approach is given in Appendix B1.
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GRAPHICS FIRST WIS

INVESTIGATION OF THE COMMAND DRAW
Type: MODE 7 (return) to prepare the screen.

A. Nowtype: AMOVE 7100 7100 (return)
DRAW 700 500 (return)
Draw the line in the screen area above.
Label the line OA

Now we will change the first number after the Command DRAW
and observe the effect.

B Type:  MOVE 100 100 (return)
DRAW 200 500 (return)
Draw the line in the screen area above.
Label the line OB.

C Line OC type: MOVE 700 700 (return)
DRAW 300 500 (return)

D Line OD type: MOVE 700 7100 (return)
DRAW 400 500 (return)

E line OE type: AMOVE 700 700  (return)
DRAW 500 500 (return)

\
|
\
\
\
Do the same for: ‘
|
|
|
\
\
\
|

Describe the effect of increasing the first number after the
Command DRAW.

What happens if you decrease the number ? ‘




GRAPHICS FIRST WIS 2

INVESTIGATION OF THE COMMAND DRAW
Type: AMODE 7 (return) to prepare the screen.

A. Nowtype. MOVE 700700 (return)
DRAW 500500 (return)
Draw the line in the screen area above.
Label the line OA

Now we will change the second number after the Command DRAW
and observe the effect.

B Type: MOVE 100 700 (return)
DRAW 500 400 (return)
Draw the line in the screen area above.
Label the line OB.

Do the same for:

C Line OCtype: MOVE 700 100 (return)
DRAW 500 300 (return)

D Line OD type: AMOVE 700, 7100 (return)
DRAW 500 200  (return)

E line OF lype: MOVE 7100 700  (return)
DRAW 500 700  (return)

Describe the effect of increasing the second number after
the Command DRAW.

What happens if you decrease the number ?




GRAPHICS FIRST WIS 3

INVESTIGATION OF THE COMMAND MOVE
Type: AMODE 7 (return) to prepare screen.

We will do the same as befare, but this {ime we will change the numbers after
the command MOVE. Type the following commands, draw and tabe) the lines in the
screen above. '

A Type: MOVFE 500500 (return)
DRAW 700 700  (return)

B Type: MOVESOLS500 (return)
DRAW 100 700 (return)

What has changed ?

C Type: MOVE 700500 (return)
DRAW 700, 100  (return)

Any more changes 7

D Type. MOVESIDS500 (return)
DAAW 100, 700  (return)

E Type: MOVEZOOS500 (return)
DRAW 7100 100 {(return)

Describe the effect of increasing the first number after Command
Move.

What happens it the number is decreased 7




GRAPHICS FIRST WIS 4

INVESTIGATION OF THE COMMAND MOVE
Type: MODE 7 (return) to prepare screen.

We will do the same as in W/S 3, but this time we will change the second number |
after the command MOVE. Type the following commands, draw and label the lines in
the screen above. | '

A Type: MOVE 500500 (return)
DRAW 100 700  (return)

B Type: AMOVES00600 (return)
DRAW 100, 700 (return)

What has changed 7

C Type: MOVE 500700 (return)
DRAW 700, 700  (return)

Any more changes 7

D Type: MOVES00800 (return)
DRAW 100 100 (return)

E Type: MOVES008900 (return)
DRAW 100, 7100  (return)

Describe the effect of increasing the second number after Command Move.

What happens if the number is decreased ?
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Type:

PROGRAMMING MOVE & DRAW

Now we will combine W/S 1 to 4.

Type:

MOVE 200, 700
DRAW 500,500

MOVE 100 200
DRAW 500,500

MOVE 700, 100
DFRAW 600 500

MOVE 100, 7100
DRAW 500 600

(return) starting numbers

(return) change first number
(return)

(return) change second number
(return)

(return)
(return) change first number

(return)
(return) change second number

Copy the diagram in the screen above and label the points:

A=(100,100), B=(200,100), C=(100,200)
D=(500,500), E=(600,500), F=(500,600)

100 DRAW 500,600

MOVE 100, 100
DRAW 500 500
MOVE 200, 100
DRAW 500 500
MOVE 100 200
DRAW 500 500
MOVE 100, 7100
DRAW 600 500
MOVE 7100, 100

GRAPHICS FIRST WIS 5
MODE 7 (return) to prepare screen. |
MOVE 700 700 (return) starting numbers '
DRAW 500 500
|

This Program will draw
the diagram.

Note it is the same
Commands with the same
numbers.

Use the same commands with
different numbers to write
a program to draw a

different shape.
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APPENDIX B1

AN INTRODUCTORY COURSE IN COMPUTER PROGRAMMING
FOR PRIMARY SCHOOLS IN Fl1JI

THE GRAPHICS APPROACH .

Introduction

The course is intended for Primary schooi pupils in Fiji with no previous
experience of bomputers. It aims to excite the children’s interest in the
technology and sustain it until éecondary school age. While excitin_g the
children’s interest in computer technology, the course also offers mathematical

experiences and enhancement through graphics displays.

Hardware Requirements

The course is designed around the Atari ST microcomputer, but it can be mddified
to suit other machineé. A trial of the course using the BBC microcomputer is
discussed in Appendix B. The minimum hardware requirement is the Atari ST
microcomputer keyboard which has the diskdrive built in and a display screen.
This choice of hardware is important in view of past experience with the early

version of the Atari microcomputer the Atari 800XL.

Atari 800XL Microcomputer Experience

The author’s experience in mounting the same type of course in Fiji using the

Atari 800XL, (see Appendix B1), encountered many broblems related to hardware.
One of the major problerﬁs found with the Atari 800XL is the number of items

that make up a working station. The minimum hardware configuration for the _Atari
800XL is made up of three main units, the display screen, the keyboard and the
diskdrive. All together there are 7 hardware items required when using an Atari

800XL microcomputer:
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INTRODUCTORY COURSE

i x lead screen/keyboard

1 x lead keyboard/disk drive

1 x power supply unit (disk drive)
1 x power supply unit (keyboard)
1 x display unit

1 x keyboard

1 x disk drive

It was found difficult to have all the items available when required and this
could delay and in some instances cancel the lesson altogether. The reduced
number of items required with the Atari ST microcornputer should ease this
problem.

‘The Atari ST Microcomputer System consists of:

1 x lead (keyboard/screen)

1 x lead {(keyboard/mains)
1 X screen

1 x keyboard

There is no significant ditterence in the physical dimensions of the Atari 800XL
and the Atari ST keyboards.

Sharing Hardware Facilities in Fiji Schools

The ditferences in hardware constituents are an important conside(ation when
schools in Fiji will most likely have to éhare computing facilities. One mode of
sharing is to move the hardware around classrooms within the schools and moving
the hardware from one school to another. The other mode is to move pupils to the
hardware which is left in one place. This means a computer dedicaied room in the
school, or bussing students to a computer centre. Both modes need the allocation

of extra resources. The role of computers is yet to be defined resulting in the
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de-emphasis of the importance of the need for a computer room in the school.
There is a computer centre in Fiji managed by the education department but the
bussing in of students during school hours has many drawbacks, mainly due to the
inefficiency of the transport system. In previous experiences in Fiji the author

adopted the mode of moving hardware from school to school.

Software Requirements
The course is designed using Atari ST Basic Language which comes bundled with
the Atari ST. A list of Graphic commands in Atari ST Basic is given in the

Teachers Handbook.

in addition to the hardWare and software detailed above the course materials
consist of a set of 22 Worksheets and the Teacher's Handbook. A copy of the

Worksheets and the Teacher’'s Handbook is attached.
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INTRCDUCTORY COURSE

AN INTRODUCTION TO PROGRAMMING

A_GRAPHICS APPROACH

A COURSE FOR PRIMARY SCHOOLS IN FiJl

TEACHER's HANDBOOK
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INTRODRUCTORY COURSE

This Handbook describes:

(i) how the teacher should prepare the system for the pupilis
(i}  the relevant graphic commands of the Atari ST microcomputer

(i)  solutions of the Worksheets.

The Worksheets are designed to investigate some of the graphics commands of the
Atari ST Basic Language. Many mathematical concepts are involved in the
application of computer graphics and some of them will be manipulated while
investigating graphics on the Atari ST.

Lesson

Previous Knowledge

It would be useful if the pupil is shown how to:

i terminate a line by the RETUF{N.key,

ii erase a character or word by the BACKSPACE key,

iii clear the windows with the CLEARW Command.

To avoid frustration and boredom it is best to give students one Worksheet at a
time and see they complete it with corrections before they go on to the next

one. Ten minutes on the keyboard per student is quite ample. They will need to
work out first on paper what they should input and have it ready when they come
to the keybpard. Ensure that pencil and paper is available at the keyboard.
Prepare the computer system by going through the following procedure, which
could be taught to the pupils when they have had some experience with the

hardware.

Geiting Ready
1 Load the Basic Language Disk into the disk drive.
Switch both the screen and the microcomputer on, FIGURE 1a should display.

2
3 Using the mouse click on Options. A drop down menu should display.
4

Click on SET OPTIONS in the drop down menu. This should display another set
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of opticns - LOW, MEDIUM, HIGH |
5 Click on MEDIUM . The screen should now switch to Medium resolution. A
sharper image of FIGURE 1a should display.
6 Open Floppy Disk A by double clicking in quick succession on it. FIGURE 1b
should display.
7 Double click on BASIC.PRG to run the Basic Language Program. FIGURE 1c
should result. |
FIGURE 1c shows three windows headed LIST, QUTPUT, and COMMAND. The
fourth window headed EDIT is concealed under the three visible windows.
8 Close the LIST and EDIT windows by clicking in the top left hand corner of
each of the windows.
9 Manipulate and resize the COMMAND and QUTPUT windows to display as shown
in FIGURE 2. It is important that the two windows meet as shown in FIGURE
2, a good guide is th.e letter 'u’ in the word Debug at the top of the
windows. FIGURE 2 should be on the screen when the pupils come to work on
the Worksheet.

RETURN key
Remind the student to press the key marked '/RETURN’ after typing each
line. ’
CLEARW
After pressing (return) at the end of a line, the Command CLEARW can be

used to clear the Output window or the Command window.
CLEARW 3 will clear the Command window.
CLEARW 2 will clear the Output window.
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Desk File Uiew Options

n
La s ; o
i = : ; z

P d

FLOFFY DISK iiiisivsiens e nei

E
[

A

FLOFPY DISK

i

TRASH

FIGURE 1a
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Desk File View Options

ALLAAINY

151235.hutes used in 5 items.

: __ ,

CONTROL .ACC EMULATOR.ACC BRASIC .FRG -SAMFPLE .FRG BRASIC.REC

FIGURE 1b
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Desk File Run Edit Debug
LIST OUTRUT

FIGURE 1c
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Desk File Run Edit Debug
COMMAND o

FIGURE 2
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A list of Graphic commands in Atari ST Basic is given here:
CLEARW x
This clears the screen windows
CLEARW 0 |
clears the Edit window |
CLEARW 1 - clears the List window
CLEARW 2 - clears the Qutput window
CLEARW 3 - clears the Command window.

FULLW x

This makes the designated(x) window fulf size.

COLOR x,y,z
X - is the colour of the next character to be printed
y - is the colour used for filling shapes

z - is the color of lines drawn.

FILL x.y
This allows a shape to be filled with colour or pattern.The x,y parameters

define the coordinates of the point where to start filling.

CIRCLE x.y.r

This draws a circle with centre at point (x,y) and radius r.

CIRCLE x.,y.r,s.f
This draws part of a circle centre (x,y), radius r, starting at s degrees
and finishing at f degrees. Zero degrees is to the right and increases in

anticlockwise direction.

PCIRCLE x.y.t,s.1

Bi/11
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This draws a filled circle or part of a circle.

ELLIPSE x,y.h.v
This draws an ellipse centred at point (x,y) with horizontal radius h, and

vertical radius v.

PELLIPSE
This fills the ellipse.

LINEF x1,y1,x2,y2
This draws a line from point (x1,y 1) to point (x2,y2).

The rest of this Handbook describes the results of the Worksheets.

BECAUSE OF DIFFICULTIES IN PRODUCING SCREEN DUMPS
THE COMMAND CIRCLE DRAWS A CIRCLE ON THE SCREEN
BUT THE SCREEN DUMP TURNS OUT TO BE ELLIPTICAL.




Worksheet 1 Activity 1

Desk File Run Edit Debug

i 2 ; auTeut
Ok LINEF 99,56, 200,189
L |

3 |
R | L
Worksheet 1 Activity 2

Desk File Run Edit Debug

B ECOMMAND:: { & QUTPUT

Ok LINEF 50,350,260, 168
Ok LINEF 50,50, 208, 156




Worksheet 1 Activity 3

DPesk File Run Edit Pebug

COMMAND:EE ouTPUT

0k LIMNEF 58,38, 200,100
Ok LINEF 30,38, 260, 150
gt EINEF a0, 58, 288, 25

--------------------------
.................................

Worksheet 1 Activity 4

Pesk File Run Edit Debus
i QUTPUT

Me LINEF 38,358, 280,100
Jk LINEF 38,30, 208, 150
Yk LIKEF 38,38, 209, 2
Jk LINEF 56,98, 200,350

...........................
..........................

---------------------------
--------------------------




Worksheet 2 Activity 1

Desk File Run Edit Debug

Kl COMMAND I BUIPU

Gk LINEF 108,159,160, 186
0k § |

Gl Pt oy | W

OUTPUT

0k LINEF 100, 1.6, 108, 108
l]k LINEF 188, 150,50, 180

mle|




Worksheet 2 Activity 3

Desk File Run Editfl)ebug

X QUTPUT
0k LINEF 108, 100, 100, 160
Ok LINEF 108, 150,50, 168
0k LINEF 169,150, 150, 169
ok O T
&1 TS
Worksheet 2 Activity 4
Desk File Run Edit Debug
i OHHAND: 15 QUTRUT

Ok LINEF 109,136,168, 106
0k LINEF 168,150, 56, 100
Ck LINEF 100, 156, 156, 100
Dk LINEF 100, 150, 23, 100




Worksheet 3 Activity 1

Desk File Run Edit Debug

DUTRUT
Ok LINEF 58,56, 300, 56
Dk § ‘5‘
1ot R O |
Worksheet 3 Activity 2
Desk File Run Edit Debug
K § ELOHHANDE i guTRrUY

0k LIKEF 36,50, 308,58
DII: hIHEF 360, 56,38,134




Worksheet Activity 3

Desk File Run Edit Debug

DUTPUT
Dk LINEF 58,50, 308,30
Dk LINEF 386,50,56,150
Dic LINEF 59, 158, 360, 130
0k § 3
1 b o TR
Worksheet 3 Activity 4
OUTPUT

Ok LINEF 30,58, 308,30
Dk LINEF 380, 38,50, 156
Ok LINEF 358,158, 300, 150

Ok LINEF 388,159,358, 50




Worksheet 4 Activity 1

Desk File Run Edit Debug

OUTPUT
Ok LINEF 106,958,106, 198
Ok LINEF 168,158, 208,350
0k LIKEF 208, 50,289, 158
ok B F@’
¢l Ptz o | B
Worksheet 5 Activity 1
DUTPUT

Iﬂk CIRCLE 108, 58,50
0k B _

¢l




Worksheet 5 Activity 2

Desk File Run Edit Debug

5 : DUTPUT
Ok CIRCLE 106,56,58
Ok CIRCLE 188, 136,50
bk B 1
ai SR A [ W

Worksheet 5 Aclivity 3
Besk File Rum Edit Debug
BuTRUT

Ok CIRCLE 16D, 358,59
Ok CIRCLE 100,138,580
0k CIRCLE 230,134,358
ok B 01
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Pesk File Run

Worksheet 5 Activity

Edit Dehug

OHTPUT

0k CIRCLE 108,58, 50

Dk CIRCLE 238,58, 90
ok &

0k CIRCLE 168,138,580
0k CIRCLE 238,138,50

& [

Desk File Run

Worksheet 5 Activity 5

Edit Debug

outrutT

0k CIRCLE 188,350,358
Ok CIRCLE 180,136, 58

Ok CIRCLE 238,38, 50
Ok CIRCLE 163,98,30
0k @

Ok CIRCLE 238,138, 50

OO
O
OO




K
&1 P O | I
Worksheet 6 Activity 2

OUuTPUT

0k CIRCLE 156,80, 160
0k CIRCLE 158,280,808
0k |

Worksheet 6 Activity 1
) DUTPUT
0k CIRCLE 158,890,100
Ck 7]
|
|
|
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Worksheet 6 Activity 3

Desk File Run Edit Debug

: QUTRUT
kk CIRCLE 150,86, 168
k CIRCLE 150, 80,20
i CIRCLE 158,86, 56
k T
b F,

Worksheet 6 Activity 4
Desk File Rup Edit Debug
A ; DUTRUT

Ok CIRCLE 138, 86,168
Ok CIRCLE 150, 86,86
0k CIRCLE 156,388,586
0k CIRCLE 158,20, 30




Worksheet 7 Activity 1

Desk File Run Edit Debug
guUTPUT
Ve
Xk COLOR 1,1,2
Tk CIRCLE 18 B 56,30
k@ 7
¢ ] [_'I;Z:Z::;.';1:.';.’:!;l;.';:;1_-:;5:.':I;.';.';:::_'.';I;.';l::;l_-!;!i t [/
Worksheet 7 Activity 2
De k File Run Edit Debug
i gHTRPUY

k
k COLOR 1,1,2

k CIRCLE 108,358,308

k coLoR 1,4,3

k CIRCLE £88,156, 30




Worksheet 7 Activity 3

File Run

Des it Dehug

fi PR COMMAND: i B ouTRUT

Ex

~ N

1 ¥
i 7
v’

Dk :

Ok COLOR 1,1,2

Ok CIRCLE 188, 58,360
0k COLOR 1,1,3

Ok CIRCLE 188, 158,30

Ok COLOR 1,1,1 e
Dk CIRCLE 260, 150,30 ; ;
k@ 1 R

¢l [ty L

Worksheet 8 Activity 1

Desk File Run Edit Debug

i g ECOMMAND: 2 BUTPUT

k COLOR 1,1,1
k PCIRCLE 186,38, 30




Worksheet 8 Activity 2

Desk File Run Edlt Debug

ouiPUT

CaLeR £,1,1
PCIRCLE 186,30, 30
PCIRCLE 160, 108, 30

5 |
V.

Worksheet 8 Activity 3

Desk Flle Run Edit Debug

DUTPUT

Ok COLOR i,1,1
k PCIRCLE 168,58,30
Ok PCIRCLE 180,166, 30
0k COLOR 1,2,1
k PCIRCLE 166, 158,30




Worksheet 8 Activity 4

Desk File Run Edit Debug
S COMMANLE

] OHTPUT

Ok COLOR 1,1,1
0k PCIRCLE 1Ba, 50,30
Ok PCIRCLE 1@\, 186,30
0k COLOR 1,2.1
0k PCIRCLE IBH 158, 38
0k COLOR 1,3, 1
Ok PCIRCLE Zﬂﬁ 156,38
ok @ _E-

¢l

Worksheet 9 Activity 1

Desk File Run Edit Debug
XN EE [ OMHAND:: i

)k COLOR 1,2,1
Jk CIRCLE 130,906,358
kg A

$l f




Worksheet 9 Activity 2

beskc File Run Edit

i E S COMMARDE

OuTPUT

0k COLOR 1,2,1
Ok CIRCLE 138, 80,58
gﬁ ;CIHELE 138, 88, 58, B, 988

]
9
[/

G | el

Desk File Run Edi
A RO OMHAND:

bk COLOR 4,3,1
bk CIRCLE 138, 80,58




Worksheet 10 Activity 2

ok COLOR 1,3,1
k CIRCLE 13D, 88,50
011: ;cmm 136, 86, 50, 8, 1800

DUTPUT

9]
¥,

el R )

Worksheet 11 Activity 1

Desk File Run Edit Debug

outPUY

Dk COLOR 1,2,1
Dk CIRCLE 138,88,58
0k B

6l




Worksheet 11 Activity 2

Desk File Run
i f R C OMHAND:

\
\
|
|
\
\
OUTFAT ‘
|
|
\

0k CIRCLE 136, 88,58
9k PCIRCLE 130, BB, 58, 8, 2780

ok | T

Worksheet 12 Activity 1

Dask File Run Edit Debug
i E:C QMM AND:

[A]
¥

-

DUTPUT

: COLOR 1,1,1
: EIRCLE 130,48, 56

1] i

~ {0k COLOR 1,2,1 '
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
\
\
\
\




Woarksheet 12 Activity 2

Desk File Ren Edit Dehug

OUTPUT

ok COLOR 1,1,1

0k CIRCLE 138,80,50

"Ik PCIRCLE 138,80, 36,8, 3600
ok & i

¢l IR Rl

Worksheet 13 Activity 1

Besk File Run Edit Debug

GUTPUT

Ok COLOR 1,2,1
lgk PCIRCLE 136,88, 30, 8, 900
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Worksheet 14 Activity 1

Besk File Run Edit Debug

[ OMMANRD:E: BUTPUT

0k COLOR 1,2,1
0k PCIRCLE 138, 86,540,968, 1309
0k § 0

'|— Ol H

‘Worksheet 15 Activity 1
Desk File Run Edlt Debu9 _
;i DUTPUT

Jk COLOR 1,2,1
Jk PCIRCLE 138, 80, 66, 1800, 2708
[ | T

G| s 3l A




Worksheet 16 Activity 1

Desk Flle Run det Dehug

0k COLOR 1,2,1
Dk PCIRCLE 130,88, 58,2700, J686

...............................
..............................

Worksheet 17 Activity 1

Desk File Run Edlt Debug

ouTrUT

0k COLOR 1,2,1
0k PCIRCLE 130,89, 69, 306, 2700

0k B
T




-

WORKSHEET 17 ACTIVITY 1

Desk Flle Run Edit Debug

OUTRUT
Dk COLOR 1,2,%
Ok PCIRCLE 138,86, 60,%,x{} T
&l Fmddmiingin] & 1R
WORKSHEET 18 ACTIVITY 1
Desk F:le Run Edit Debug
e outpuT

0k COLOR 1,2,1
Ok PCIRCLE 130, 88,60,%,] T




WORKSHEET 19 ACTIVITY 1

Desk File Run Edit Debug
i QuTPUT

.....
|||||

Dk COLOR 1,2,1
Ok PCIRCLE 130,80,60, %4 |7

b rennanl o | B

WORKSHEET 20 ACTIVITY 1

Desk File Run Edit ODebug

XBE 0 OHMAND:: guteuT

0k COLOR i,2,1
0k PCIRCLE 136,86,60,%, 0




WORKSHEET 21 ACTIVITY 1

Hun tdit Uebug

#COMMAND QUTPUT
0k LINEF 35@,58,288,30
0k LIHEF 2086, 58, 286, 158
0k LINMEF 2088, 158,56,150
Ok LINEF #=,%,%,% J§ T
| ¢ I l'.:::::::::::::::::::::::::::::ﬁ:::::::::I:::::::::I:::::Z::i [D [

WORKSHEET 22 ACTIVITY 1
Desk File Run Edit Debu
i QUTPUT

Dk LINEF 78,30, 158, 30
Ok LINEF 70,128, 158,128
Dk LINEF 78,30,70,120
Ok LINEF %, %% % I T

&) Vg o | R
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INTRODUCTQORY COURSE

AN INTRODUCTION TO PROGRAMMING

A GRAPHICS APPROACH

A COURSE FOR PRIMARY SCHOOLS IN FiJl

STUDENT'S WORKSHEETS
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WORKSHEET 1

DRAWING LINES USING
LINEF (1
ACTIVITY 1
Type  LINEF 5050200, 100 (return)

Copy the line in the space provided below. Label the left end of the Iihe O and
the right end A. |
ACTIVITY 2

Type  LINEF 5050200, 750 (return)

Copy the line and label it OB.

ACTIVITY 3

Type  LINEF 505020025 (return)
Copy the line and label it OC.

ACTIVITY 4

Type  LINEF 505020050 (return)
Copy the line and Iabel_it oD.

Describe any changes in Activities and Lines.
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WORKSHEET 2

LINEF (2)

Type each Activity and Copy each diagram.
ACTIVITY 1 LINEF 100,150,100,100 ({return)

~ ACTIVITY 2 LINEF 100,150,50,100  (return)

ACTIVITY 3  LINEF 100,150,150,100 (return)
ACTIVITY 4 LiNEF.100,150,25,1DD (return)

Describe the effect of changing the numbers in the commands.
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WORKSHEET 3
LINEF (3)
Type each Activity and Copy each diagram.
ACTIVITY 1  LINEF 50,50,300,50 (return)
ACTIVITY 2 LINEF 300,50,50,150 (return)
ACTIVITY 3 LINEF 50,150,300, 150(return)
ACTIVITY 4  LINEF 300,150,50,50 (return)

Describe the changes in the numbers and lines.
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WORKSHEET 4
LINEF (4

ACTIVITY {

Use the Command LINEF with numbers of your choice to copy the shépe, FIGURE 4,

on to the screen.

ACTIVITY 2

Copy the Commands with the numbers you used o draw the shape.
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INTRODUCTORY COURSE

WORKSHEET 5

CIRCLE (1

Type the Commands for each Activity. Copy the Commands in the Command space

provided and the Diagrams in the Output space provided.
ACTIVITY 1 CIRCLE 100,50,50  (return)
ACTIVITY 2 CIRCLE 100,130,50 (return)
ACTIVITY 3 CIRCLE 230,130,50 (return)
ACTWITY 4 CIRCLE 230,50,50  (return)

ACTIVITY 5 CIRCLE 165,980,300  (return)
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INTRODUCTORY COURSE

WORKSHEET 6

CIRCLE (2)

Type and Copy Commands and Diagrams.
ACTIVITY 1 CIRCLE 150,80,100 (return)
ACTIVITY 2 CIRCLE 80,8080 (return)
ACTIVITY 3 CIRCLE 150,80,50  (return)

ACTIVITY 4 CIRCLE 150,80,30 (return)
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INTRODUCTORY COURSE

WORKSHEET 7

COLOR, CIRCLE

Type and Copy the Commands and Diagrams. Note the spelling of the Command
'‘COLOR',

ACTIVITY 1 COLOR 1,1,2 (return)
CIRCLE 100,50,30 (return}

ACTIVITY 2 COLCR 1,1,3 (return}
CIRCLE 100,150,30(return)

ACTIVITY3 COLOR 1,11 (return)

CIRCLE 200,150,30(return)

B1/45



INTRODUCTORY COURSE

WORKSHEET 8

COLOR, PCIRCLE

ACTIVITY 1 COLOR 1,1,1  ({return)
PCIRCLE 100,50,30 (return)
ACTIVITY 2 PCIRCLE 100,100,30 (return)

ACTIVITY3 COLOR 1,21 ({return)
PCIRCLE 100,150,30(return)

ACTIVITY 4 COLOR 1,31 (return)
PCIRCLE 200,150,30 ({return)

|
|
\
\
Type and Copy Commands and Dfag_rams'. :
\
\
|




INTRODUCTORY COURSE

WORKSHEET 8

COLOR, CIRCLE, PCIRCLE {1)
Note that PCIRCLE has three five numbers with if, before it had only three

numbers with it.

Type and copy the Commands and diagram.

ACTIVITY 1 COLOR 1,21 (return)
CIRCLE 130,80,50 (return)
ACTIVITY 2 PCIRCLE 130,80,50,0,900 (return)




INTRODUCTORY COURSE

WORKSHEET 10

COLOR, CIRCLE, PCIRCLE (2)

ACTIVITY 1 COLOR 1,3,1 (return)
CIRCLE 130,80,50 (return)

ACTIVITY 2 PCIRCLE 130,80,50,0,1800 (return)
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INTRODUCTORY COURSE

WORKSHEET 11

COLOR, CIRCLE, PCIRCLE (3)

Type and copy the Commands and the Diagrams.

ACTIVITY 1 COLOR 1,21 (return)
CIRCLE 130,80,50 (return) '
ACTIVITY 2 PCIRCLE 130,80,50,0,2700 (return)




INTRODUCTORY COURSE

WORKSHEET 12

COLOR, CIRCLE, PCIRCLE (4)

Type and copy Commands and Diagrams.

ACTIVITY 1 COLOR 1,1,1 (return)
CIRCLE 130,80,50 (return)

ACTIVITY 2 PCIRCLE 130,80,50,0,3600 (return)
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INTRODUCTORY COURSE

WORKSHEETS 13-22

The Commands given with each of the Diagram in'Worksheets 13 to
22, are incomplete.
One or two of the numbers are missing, and there are stars (¥} in
their places.
For each Worksheet find the number or numbers to replace the star
to draw the given diagram.
if you make a mistaké, you can clear the screen with the
Commands:

CLEARW 3(return)

CLEARW 2(return)

Remember when typing the Commands to draw the Diagram, press the

(return) key after each Command.




WORKSHEET 13 ACTIVITY 1

Desk File Run Edlt 9ebug

puTPUT

: COLOR 1,2,1
: PCIRCLE 130, 88,50, %, 2060 B

WORKSHEET 14 ACTIVITY 1

Desk File Run Edit Debug
; 2 OMMAND:

Ok COLOR 1,2,1
Ok PCIRCLE 130, 88,586,%, 18000 &

& | s RA K /
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WORKSHEET 15 ACTIVITY 1

Desk File Run Edit Dehu9

guTPUT
0k COLOR 1,2,1
Dk PCIRCLE 136,80,69,1808,>] 3
4] P o |
WORKSHEET 16 ACTIVITY 1
Besk File Hun Ed1t Debug
OuTRUT

.....

Ok COLOR 1,2,1
Ok PCIRCLE 136,80,68,%, 3660 n
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WORKSHEET 17 ACTIVITY 1

Desk File Run Edit Debug

pUTPUY
Ok COLOR 1,2,1
ok PLIRCLE 130,80,60,%0 7
a1 T O TR
WORKSHEET 18 ACTIVITY 1
Desk File Run Edit Debug
QUTRUT

Bk COLOR 1,2,1
Dk PCIRCLE 130,80, 60, %, %J i

&1 R N N ]




WORKSHEET 19 ACTIVITY 1

ouTPHT

Dk COLOR 1,2,1
Ok PCIRCLE 138,86, 60,%,+0 i

|} s I A

WORKSHEET 20 ACTIVITY 1

Desk File Run Edi
0 OMHAND

QUTPUT

0k COLOR 1,2,1 _J
Ok PCIRCLE 138, 88,58, %, 3
1B P o | B




WORKSHEET 21 ACTIVITY 1

JUTPUT
0k LINEF 58,59, 268,50
Dk LINEF 260,586,280, 150
Dk LINEF 288,138,358, 158
Ok LINEF %,%,%% 0§ i
G : il S | B
WORKSHEET 22 ACTIVITY 1
Desk File Run Edit Debug _
i i & pUTPUT
£
0k LINEF 78,38, 158,36
Dk LINEF 70,120,158,120
0k LIKEF 70,30,70,120
Dk LINEF *,%,%,% | ]
F

B1/56




APPENDIX C

COMPUTERS IN SCHOOLS CONFERENCE/WORKSHOP

Introduction

The first Computers in Schools Conterence/Workshop (CSCW) was held one school
year after the official declaration of government support of the technology and

its supply of hardware fo some selected schools. The aim of this first CSCW was
to address some problems that arose in the first year of computers in schools.
The nature of these problems was such that it was clear there was a definite

fack of staff in schools with knowledge about computers. The workshop part of
the CSCW was an attempt to respond to this problem. Experience has shown that
one should not try to bombard practitioners with new technology, but to expose
them fo it iittle by litlie, hence the one day workshop tacked on after the
conference during CSCW. Time and finance did not allow any more time for the

conference either, so that the whole exercise took two days.

Conference

Speakers at the conferen_ce were from the Ministry of Education, teachers in

schools, and academics from USP with one overseas speaker from Armidale College
of Education in Australia. Their topics ranged from emerging technologies in
education to computer uses in the classroom and its associated problems.

The conference highlighted several areas of computers in schools that needed
looking into. Most of the problems at this stage stemmed from the Iéck of

preparation by the schaools to receive the microcomputers. Teachers felt they

were being pushed in at the deep end and told to get on with it.

With schools that are used to operating in a restrictive mode, with directives

from the Ministry at most levels of decision making, the initial response by the

staff was rather chaotic. They had expected some definite directive from the




Ministry of Education but instead there was a total lack of instructions and

ignorance of the problems invalved,

Problems raised at the co}'aference included lack of physical amenities to cater
for the microcomputers, lack of knowledge on the part of the teachers, lack of
software for the microcomputers and a total lack of appreciation of problems by
the Ministry of Education. Teachers had tackled the problems mostly themselves

in their own way.

A gquestionnaire put to the teachers who aitended the conference showed that:

(i)  75% of them had taught themseives programming

(i)  35% were teaching their students computing

(ii)  50% had attended computing courses of some sort

(iv)  80% wanted a follow up conference on a higher level

{v) all attendants agreed the conference should be at least an annual
event,

The above indicates the willingness of teachers in Fiji to respond to the

challenges presented by the introduction of computers as a teaching aid.

It is noteworthy that the majority of teachers who attended the conference were

maths and/or science teachers.

Workshop

The workshop was an attempt to respond to the lack of basic knowledge of
computers as indicated by 'enquiries from schools during the previous schoo!
year.

Due to the lack of software teachers were teaching pupils in schools computer
programming, and they were encountering problems due to their lack of computer
basics and because of their self taught sketchy knowledge of computer
programming principles. A teacher had indicated that tutors who ran the' two week

familiarisation course at the beginning of the year were not fully famitiar
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themselves. The two week tamiliarisation course was organised by the Ministry of
Education as preparation for the placing of microcomputers in schools.

As a result the workshop concentrated on programming in Basic and running some
prepared programs.

In the closing discussion it was indicated that the workshop had helped to
overcome some of their frustrations and had solved a few of their problems.

The guestionnaire sho.wed :

(i)  all participanis gained something

(i)  50% cleared up some misconceptions

(iii) a!l agreed to the success of the exercise.

Conclusions

From general comments it was obvious that different levels of understanding of

_ micros existeﬂd. |

(i ltwas s'u.'ggested that the next CSCW should be held at two levels,
'beginners’ and 'advanced..

(i A need for a proper in-service computing course for teachers was
identified a's urgent.

(il There is a place for a regular publication of an informative nature to
inform teachers and interested parties on what is happening and what
is available in the way of software, hardware and other relevant
developments in Fiji. |

{iv} The use of midros across the curriculum was to be encouraged.

(v) It was the norm to find computers in the science and maths department
in schools. Computers were absent from other subject areas and this
was by no means pre-planned.

It was suggested that the next conference theme be

‘computers across the curriculum’.
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it was also agreed at the closing session that the Chairman, Prof. Phythian of

the Maths Dept., USP write to the Ministry of Education suggesting amongst other
things that:

(i) a body be set up to coordinate computing activities in education

(i)  the Ministry seek funds from outside to fund the next CSCW

(i) changes in the school curriculum needed to involve computers.

The author wishes to paint out here that any correspondence, including the one
'above, with the Ministry of Education on the subject of computing activities in
education did not receive due or favourable attention. This reluctance of some
people' in office to confer on matters of public interest has been a stumbling
block in the develdpment of computers in education in Fiji. It is important for

Fiji to utilise whatever resources are availabie. An open mind and a willingness
to aliow people to participate can only benefit the nation. Hopefully more
discussion and exchange of ideas on computing in education will take place in

the fulure.
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APPENDIX D

SURVEY ON THE USE OF MICROCOMPUTERS IN SCHOOLS

The survey was conducted in November 1984, one school year after the
introduction of microcomputers in Fiji schools. It was carried out mainly as an
exploratory exercise to gain an insight into how the new technology fared in its
first year in schools in Fiji.

As the author had organised the first class in computer awareness at the USP all
enquiries from school teachers were directed to his office. It was on the basis

of these enquiries that the author carried out the survey and organised the
conference, see Appendix C. _

The survey was carried o.ut in two government secondary schools and one church
secondary school.

When the first batch of government issue of microcomputers were available in
January 1984 the two government secondary schools in this survey were amongst
the recipients. The church school had provided theirs from other sources. Not

all secondary schools in the country received microcomputers at this time.

The three schools in the survey had had microcomputers for at least one school
year and no more than two for the church school.

This time scale has to be borne in mind when looking at the implications of the
results of the survey. _

One of the government schools and the church scﬁool ofter some boarding
facilities while the other government school does not have boarding facilities

for its students. The government school with boarding facility takes students in

at Forms 5 and 8 while the other two schools in the survey take in students from
Form 1.

The three schools are in the locality of Suva, the largest town in Fiji, the

furthest one from Suva being no more than ten miles. The proximity of a
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school to Suva has a bearing on the students who attend the school. Students who
live near Suva will have a better chance of updating their experience on new
technology than those students who attend schools further away from Suva in the
rural districts.

The survey in the form of a questionnaire was carried out in 1984 and the
intention was to repeat it again in 1987 but circumstances relating to the

political situation in Fiji (beyond the author’s control) ﬁrevented the second

survey.

A copy of the questionnaire is given below with the 1984 responses. Figufes

given are percentages of total number of 300 questionnaires returned.

Where percentages in a question exceed 100, some students have made more than
the appropriate number of choices. Where total percentages do not add up 100,
some students have not made any choices.

Comments and conclusions of the survey are discussed in Chapter 3.
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SURVEY QUESTIONNAIRE 1984

QUESTION 1
WHEN DID YOU FIRST USE A MICROCOMPUTER ?

THIS YEAR 88%
LAST YEAR 8%
- TWOQO YEARS AGO 0%

MORE THAN TWO YEARS AGO 6%

QUESTION 2
WHAT BRANDS OF MICROCOMPUTERS HAVE YOU USED 7

APPLE 6%
ATARI 5%
COMMODORE 100%
OTHERS 0%
QUESTION 3

WHAT HAVE YOU USED A MICROCOMPUTER FOR 7

PHYSICS 6% LANGUAGES  20%
MATHS 96% GEOGRAPHY 0%
BIOLOGY 1% HISTORY 0%

CHEMISTRY 4% OTHERS 0%




QUESTION 4
IN WHICH SUBJECT AREA HAVE YOU FOUND MICROCOMPUTERS
MOST USEFUL 7

PHYSICS 6% LANGUAGES 20%

MATHS 96% GEOGRAPHY 0%
BIOLOGY 1% HISTORY 0%
CHEMISTRY 4% OTHERS 0%
QUESTION 5

HOW MANY HOURS A WEEK ARE YOU TIMETABLED FOR THE
MICROCOMPUTER ?

<05HOUR  28%
0.5-1HOUR  39%
1-15HOURS 7%
1.5-2 HOURS 1%
> 2 HOURS 3%

QUESTION 6
DO YOU OWN A MICROCOMPUTER ?

YES 0% NO 100%

QUESTION 7
WOULD YOU LIKE TO SPEND MORE TIME ON MICROCOMPUTERS
EVEN IF IT MEANS AFTER NORMAL WORKING HOURS ?

YES 100% NO 0%
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QUESTION 8
WHICH ADJECTIVES BEST TYPIFIES YOUR ATTITUDE TO
COMPUTER LEARNING AS YOU HAVE EXPERIENCED IT ?

WASTE OF TIME 0% USEFUL 32%
MOST UNHELPFUL 0% VERY USEFUL 62%
SOMETIMES USEFUL 6%

QUESTION 9
HOW DO YOU RATE THE FOLLOWING MICROCOMPUTER FACILITIES?
VERY SOME LITTLE NO

USEFUL USE USE USE
G 33% 32% % 0%
S 2%  40% 28% 3%
SP 82% 7% 6% 0%
A 95% 5% 0% 0%
C 42% 33% 15% 3%

G - graphics; S - sound; SP - speed; A - accuracy;

C - colour.
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QUESTION 10
IF YOU HAVE EXPERIENCED COMPUTER ANIMATION WITH
MICROCOMPUTERS IN THE CLASSROOM, DID YOU FIND IT ?

VERY USEFUL 43%

SOME USE 31%
LITTLE USE 1%
NO USE 0%
QUESTION 11

YOU HAVE THE CHOICE TO JOIN ONE OF 5 CLASSES. EACH
CLASS USES ONE OF THE FOLLOWING AIDS: CHARTS, SLIDES,
FILMS, MICROCOMPUTERS, MODELS

INDICATE WHICH CLASS YOU WOULD JOIN.

CHARTS 5% MICROCOMPUTERS 75%
SLIDES 0% MODELS 10%

FILMS  10%

QUESTION 12

DO YOU THINK THE MICROCOMPUTER DISPLAY SCREEN IS 7

BETTER THEN THE BLACKBOARD 47%
AS GOOD AS THE BLACKBOARD 43%
NOT AS GOOD 6%

NOT GOOD AT ALL 0%




QUESTION 13
WHEN USING THE MICROCOMPUTER FOR LEARNING, DO YOU LIKE
TO?

WORK ON YOUR OWN 54%
WORK IN TWO'S 39%
WORK INGROUPS > 2 1%
LET TEACHER OPERATE IT 6%

QUESTION 14
IF YOU HAD TO CHOOSE BETWEEN HAVING A TEACHER OR A
MICROCOMPUTER FOR SOME CLASSES WHICH WOULD YOU CHOQSE ?

MICROCOMPUTER ALL OF THE TIME 1%
MICROCOMPUTER MORE OF THE TIME 7%
50-50 74%

TEACHER MORE OF THE TIME 10%
TEACHER ALL THE TIME 0%




QUESTION 15

HOW DO YOU RATE THE USEFULNESS OF THE MICROCOMPUTER IN

THESE SUBJECTS ?

VERY SOME LITTLE NO
USEFUL USE  USE USE

M 85% 1% 1% 1%
S 44% 40% 7% 1%
G 1% 3B%  15% 8%
A 10% 17%  24% 15%
MU 17% 18% 28% 7%
TS 15% 21%  14% 1%
L 39% 25% 10% 4%

M - mathematics; S - science; G - geography:
A - arts; MU - music; TS - technical studies:

L - language.

QUESTION 18
WHICH SUBJECTS DO YOU TAKE AT SCHOOL 7

MATHS 97% HISTORY 21%

PHYSICS 65% ARTS 29%

BIOLOGY  85% MUSIC 39%

CHEMISTRY 54% TECH STUDY 10%

GEOGRAPHY 42% ~ LANGUAGE  74%
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QUESTION 17
WHICH 5 SUBJECTS WOULD YQU TAKE IF GIVEN THE CHANCE ?

MATHS 84% PHYSICS 61%
BIOLOGY 32% CHEMISTRY 8%
GEOGRAPHY 8% HISTORY  15%
ARTS 1% MUSIC 7%
QUESTION 18

SHOULD THERE BE A COMPUTING SUBJECT AT SCHOOL AT?

FORM 3LEVEL 50% FORMG6 LEVEL 45%
FORM 5 LEVEL 31% FORM 7 LEVEL 20%

QUESTION 19
SHOULD SCHOOLS TEACH SOMETHING ABOUT COMPUTER HARDWARE?

YES 77% ALITTLE 22% NO 1%




QUESTION 20
THE MICROCOMPUTER HAS A VERY FAST RESPONSE TIME, DO YOU
FIND THIS ?

VERY USEFUL  S0% OF LITTLE USE 0%
OF SOMEUSE  10% OF NO USE 0%

QUESTION 21
DO YOU PREFER THE MICROCOMPUTER TO ?

ONLY EXPLAIN FACTS 3%
EXPLAIN FACTS AND ASK QUESTIONS 7%
EXPLAIN, ASK AND RESPOND TO YOUR ANSWERS ~ 90%

QUESTION 22
THE USE OF MICROCOMPUTERS HAS HELPED MY UNDERSTANDING
OF MATHEMATICS.

STRONGLY AGREE 46%  DISAGREE 7%
AGREE 44%  STRONGLY DISAGREE 0%

QUESTION 23
FiJl SHOULD SPEND MORE MONEY ON MICROCOMPUTERS.

STRONGLY AGREE 46% DISAGREE 7%
AGREE 47% STRONGLY DISAGREE 0%




QUESTION 24
GRANTED COMPUTER HARDWARE AND SOFTWARE IS EXPENSIVE,
WHICH SCHOOLS IN FlJI SHOULD HAVE MICROCOMPUTERS 7

ALL SECONDARY SCHOOLS ONLY (30R 4 INEACH)  42%

 ALL SECONDARY (1 EACH) 14%
SECONDARY & JUNIOR SECONDARY 44%,
PRIMARY SCHOOLS 7%

A FEW SECONDARY SCHOOLS 1%
QUESTION 25

DO YOU THINK MORE OR FEWER JOBS WILL BE CREATED BY
COMPUTERS ?

MORE JOBS 47% AFEW JOBS 26%
NO MORE 1% FEWER JOBS 25%

QUESTION 26
WOULD YOU LIKE A JOB INVOLVING COMPUTERS WHEN YOU ARE
QUALIFIED ?

DIRECTLY INVOLVING COMPUTERS 88%
INDIRECTLY INVOLVING COMPUTERS 10%
NOT INVOLVING COMPUTERS 2%
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APPENDIX E

COMPUTER USAGE IN THE SOUTH PACIFIC

The list given here is not complete but gives an idea of the kind and exient of

computers installed in the South Pacific up untif 1985, and the range is

increasing all the time.

Fiji Islands

‘NCR V8450
NCR Tower
ICL 2903/4

ME 29

DRS 20/50
PRIME 55b
HONEYWELL
WANG VS45
APPLE LISA
MICRODATA
CANNON AS100

IBM PC

COMMODORE
RADIO SHACK
QLIVETTI

School Micros

Commodore
Atari
BBC Model R

Apples

W W W W Y W o MY W

N
o

250
10

100
10
10
10

Data

Data

Data

Processing
Processing

Processing

Banks mainly

Data
Data
Data

Data

Data
Word

E1

Processing
Processing
Processing

Processing

Processing
Processing

Bureau
Teaching

Teaching

Bureau

Statistical



VANUATU
NCR 8200
NCR 9200

Apricot + 10MB HD

BBC
 Apple II

Apple ITe

IBM 34

KIRIBATI
HP 85
NCR 2010
IBM PC

N N e

BBC Model B

NAURU
ICL 2903 2

soon to change to IBM

SOLOMON ISLANDS
NCR 8271

NCR 8270

Apple

NCR 9300

R = 7 B =

NCR

[Eay

N Y N

Statistics and Word Processing
Finance - Accounts and Payroll
Electoral List, Manpower Planning
Scholarships

Teaching Awareness

Teaching and Training

Teaching and Training

Electricity Board

Fisheries Data Analysis
Finance with support from Suva, Fiji
Statistics

Teaching Accounting and Statistics

National Provident Fund
Government Accounts
Statistics

National Bank

Develeopment bank




Most islands plan to expand their use of computers in the near future. The

current level and intention to expand show a commitment to computers and

emphasise the need for an extensive computer education programme for the region

of the South Pacific.




APPENDIX F

PROBLEM SOLVING USING SPREADSHEET AND BASIC LANGUAGE:
A COMPARISON

A_group of fourth year secondary studenis in a girls’ school were given a

project to compare two meihods of solving a pair of simultaneous equations:

(i)  Using a spreadsheet

(i)  Using a Basic program.

Hardware

Hardware used were the BBC (British Broadcasting Corporation} microcomputers in
a network employing Eco_net with eight machines sharing a disk drive and a

printer.

Software

BBC Basic was used for writing programs and Viewsheet was the spreadsheet

available on the BBC microcomputer.

Preparing Students
The group consisted of twenty fourth year students, who had studied Basic

programming on the same network during the previous year in the third form.

To prepare them for the project, 4 periods of 35 mins were spent on revising
Basic programming.

The students were already familiar with the general networ.k setup.

By the time the group started on the project they were able to use the following
commands:

INPUT, LET, PRINT, IF.... THEN, GOTO
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The spreadsheet Viewsheet was on the network server and students were instructed
on:
(i) how to load the program from the file server
(i)  a general description of what the Viewsheet displayed on loading. With
Viewsheet two screens are available.
(i)  how to move the cursor with the arrow keys and make entries in the
slots |
(iv)  how to read the content of a slot from the slot content indicator at
the top left hand corner of Viewsheet
(v)  what can be entered in the slots:
numerical‘VaIue
labels
formulae
(vi)  how to formulate formulae using slot locations as variables
(vii) the ability of the spreadsheet to automatically evaluate formulae and

display values.

Exercises on data entry and using a simple spreadsheet to solve a linear
equation gave the students an opportunity to see a spreadsheet in aciion.

The exercise given to the students was the solution of the linear equation:

ax + b =c where a,b.¢c are consiants,

and the solution is x= (c-b)la

Entries for the above equation are;

SLOT ENTRY
A1 value of a
B1 value of b
C1 value of c
B2 type 'x =
C2 type formula (C1-B1)A1

Fe




The studenis were given the above entries and some linear equations to solve

first without the spreadsheet, and then checked with the spreadsheet.

The instruction on Viewsheet took up 6x35 minute lessons before they embarked on
the project. In the project the studenis were asked to write a program in Basic

to solve é pair of simultaneous equations, and also {o set up the spreadsheet o
solve simultaneous equations. A Basic program and a spreadsheet témpiate o
solve simultaneous equations was available on the network for those students who
were unable to produce their own. The project was tackled with enthusiasm by

most students with very encouraging results. Two samples of projects done by the

students are attached.

Comments on the Project

Mathematical aciivities including oral expressions of mathematical concepts were
very much in evidence,

Clarification of the roles of variables in formulae was demanded to enable a
better understanding of the use of spreadsheets. Values in a spreadsheet can be
referred to by their cell locations. It is readily accepted that a cell

location, equivalent to a variable, represents a value because one can see the
contents of the particular cell.

Clarification of the method of solution of simuitaneous equations was also
required. To write the Basic program or set up the spreadsheet to solve the
simultaneous equations a thorough understanding of the method of solution is
necessary. Students had already studied the solution of simultaneous eguations
in their maths lesson before they did the project. Consolidation of previous
knowledge was made and this gave the students some satisfaction.
Mathematical activities outside the bounds of simulianeous equations were
experienced by the students. Accuracy of numbers was discussed at length, as

well as the error display when a division by zero was encountered by the




program. The use of brackets in algebraic expressions and formulae and the order

of mathematical operations were thoroughly reviewed.

There seemed to be a general concensus amongst the students that it was easier
and simpler to solve equations with the spreadsheet. This view was perhaps
influenced by the length of time spent on writing the Basic program. With the
spreadsheet, once the solution formula was derived the enlry of the equations

did not present any problem. A preference for the spreadsheet was also due to
the well-laid out display of the screen which was difficult to achieve in Basic,

especially with the students’ limited knowledge of Basic programming.

Some students were unsure of the meaning of the many values on display in the
spreadsheet whereas in the Basic program it was possible to end up with only the

solution on display.

The students enjoyed the exercise and in some way believed that the computer
did solve the problem for them, even though they derived the formula for the
solution in both cases, Basic and spreadsheet, just as they would working
without computers,

In conclusion the students agreed that they now had a better understanding of
the method of solving simultaneous equations and also of the power of the
spreadsheet.

In effect they gained some mathematics and some knowledge of the computer
application package spreadsheet. The rest of this Appendix contains two samples

of the students’ work.
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Equations using the general formular and the elimination method,—"-ﬁ —
and then to transfer this knowledge onto the computer and use the— — —=
computer to solve ANY Simultaneous Equation using a Basic Progra.m o
and then progress and use a 3preadsheet.
This project had a lot of acope and a few limitations as wel]..
Firstly you had to borrow a maths book and rea.d. up a.ll about E

There was a limit,on the writing of a Basic Program, because if -
you didn't know a lot about programme making or the Basic language,
then you could have qpite a problem, This wasn't a problem for ms =~ -
because I had done some programming before . .
However I had never used a 3preadsheet before and this was a = - __'5;
problem, However with a bit of time and patience, that to was solved,— -
and the projeot contimiedesscceossad R

S JR—

S

I set about this project by first learning (or should I say.--—
refreshing my memory) about Simultansous Equations, the genera.l LTt
formilar apd the Elimination method, I

I have written how to solve a pair of Simultansous Sgquations )
on the next page, after which I shall continue with the main aims .
of this, my second G.C.5.E Computer Project.

s mn amr b PrpeeT— B
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L

To solve a pair of Simulta.neous Equat:.ons, you need a general S
formalar: o e

The general formuilar is: :

ax+by=o - ‘ ) o

dxteyst , o .
a’b’o’d’.,r are ‘11 amtaﬂt'. ‘ R
x apd y are the variables, et

The method I used to solve a pair of Simultaneous Equa.t:.ons e LT
was the Eliminatién method, The method behind this method is best - . .——
explained by showing how to solve two equations by various examples, |

eg 1, 2x+y={  equation 1. :
3x+y=1 equation 2. : T
Firstly you look at the y values and see if they are balanced, - -‘

In the above examples they are equal, Then you just go’ ‘straight — —
ahead and take equation 1 away from equa.tlon 2 to find the ¥ values. S

2x+y=1 R

3x+y- 1 . ‘ L - et

x=0 - TR

If you then want to carry on and find the y values you take - |

your answer, your Xx value and sayj '
2#Qw

You then need to add 0 to something (¥y) to find the answer 1.
Thersfore the y value in the equations is 1,
So the answer for this equation isj

xx0 and y=1, o 1

If however the y values are uneven, then before progressing
to solve the sguations you need to balance the y va.lues.

eg 2. 2x+y=1l equation 1.
2x+2y=1 equation 2.

To balance the y values in equation 1 you times everything
in the 1st equation by 2y~ | - -

4x+2y=2  equation 3 (a new equation made by using both
' of the first equations.)
Then you find the y value in equation 2 by timesing everythlng
in the 2nd equation byiy. ™

2x42y=1 equation 4 (another new equation male by using
both of the original equations.) -

Then when you have balanced the y values in both equations

you contimie as before to find the x and y values, ,
2x=1 ‘ ‘ -

I.-.B

y=0

And there you have your answer; x=.5 and y=0.

But now we must progress and transfer this knowledge to a
Spreadsheet and a Bazic Program. But of course we must first find~-
out something about these two new computer calculators,
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The Basic Program. S e

10 REM PROGRAM TO SOLVE A PAIR OF SIMULPANECUS EQUATIONS, T
20 REM Ax+B=C _ . -
30 INFUT A1,B1,01 P —
40 INFUT A2,B2,02 it
50 IF B1=B2 THEN GOTO 150 R
60 A3=A1¥B2 : B3=B1¥B2 : C3=C1%B2 =
TO A4uA2%B1 : B4=B2¥Bt : C4=C2%B1 S
80 A5=A3-A4 ' . -
90 C5=03-C4 L . e
100 éc3-c4)/(t3-a4) - Ll
110 y=(C1-41%x)/B1
120 PRINT "x= "x
130 PRINT "y= "y o
15043=(A1-42) -~ : L :
160 C3=(C1-C2) T e
170 xs(C1~02)/(A1-A2) - ST
180 GOTO 110 Tl T
190 END
Above is a program to solve a pair of Simultaneous igquations. ‘

There are many other ways to write a program which will solve a
pair of 3imultaneous fquations, BECAUSE THE BASIC LANGUAGE IS VERY

LARGS AND 50 YOU CAN USE VARIOUS OTHZR METHOD3.
This program took me quite a long time to write although I
had used the language before. I tried various programs out and - -
at last I made one out which worked., I had quite a lot of help, - T
however, from my maths teacher and also my computer teacher,
The program doesn't set out the answers to the equations very
clearly, but it is quite able to solve a pair of Simultaneous Egquations.
You could store this program on a Disc and keep it for use in the
future when you next come to solving this type of equation.
I think the other drawbacks to this sort of programming, apart
from the language side, is if you didn't keep the program but decided.
some time latter to use this sort of program, then it takes quite
a long time to write it in.
However, for this type of programming you just need to type
in "RUN" and the program will run again. But, with the Jpreadsheet
you need to change all the valges on the sheet at the top, This
can take time, and for the beginner it can be confusing now to
input numbers, values, and formilas into the Spreadsheet.

The first two lines have RiEM in them, and this means that although

the computer kxnows there there, the computer would never print

them on the screen. It is a good place to put things you want to

remember but which will not be printed on the screen unless you

use the list command.

The next two lines are asking you to lnput the numbers you want

worked out.

Line 50 is saying that 1f your B values are equal themyou go to

line 150, because there is no need for that equation to go through

the middle of ., the progran. -

Line 60 and 70 are balancing the two B values. N -
Line 80 and 90 are subtracting the two new equations to get the

x and y values. : -

(Line 100 and 110 are just the workings out of the last lines., .

120 and 130 are just presenting the x and y values in some sort - ... . _ —
of dscent form. ' :

140 1a andirg that wootion .

ta
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WHAT IS A SPREADSHEET?

The Spraedsheet is one of those amazingly useful ideas which is . _
so simple in prinociple that we all wish we had thought of it first,. S

Imagine a mge chart composed entirely of rectangular pigeon-holes - .. ~ _ =
in Viewsheet (the BBC computers Spreadsheet service) there are as .
many a8 255 by 255. L
These pigeon-holes (we call them "slots™) may be filled with any : o

- of the followings _ ol

-4 number. .

- A fgrmula (for example, to multiply the value in another slot R
by 55

. o : A — a0 e

~ A "label" {fos examplr: TOTAL). ' f. R

Any slot may be linked with any other slot, so that slots may Lntnraot
with each other across tha length and breadth of the sheet, N

Once a sheet is set up, any new amoupts entered in it can automatically =
be related to what is recorded already. Calculations that would be o
very repetitiveiif carried out by hand or other conventiocnal means, : S
are achieved at no greater effort than that of entering the-data on T
which they are based.

On the next page is an illustration of a Spreadsheet and what each : "'""J
bit means, Then, below that are the ideas of how to enter the values '
etc, that you may wisn to use.Then we will go on and use a Spreadsheet
expressly for the purpose of solving Simultaneous Zguations.

s o b - . L S N L ]
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A SPREADSHEET.

SLOT A1
CONTENTS = #*BLANK*

L..,..‘C.IIOB.l.....'..c-.l.O.I...D

Above is a copy of a Spreadsheet, If you move the cursor across the
screen using the function keys at the side of the computer, then the
letters at the top of the page will change, and become BuvevecosesFae
cessseeadossaeveaness Only four lette_rs will fit on the screen at a

_time,
If you move the cursor downwards, again using the function keys, then
the numbers will change and nineteen following mambers will come onto

ths acreen,
Below is a copy of the 3preadsheets I made on the computer to solve a

pair of Simultaneous Equations.

4
*% Econet #% Station T
I Clanaaw "ol
oy 1 i
= 1 #% L oomet 5% Siat e L
i -
. -y - T ¥ w o wow o ] v} o ]
l1 . nona o 7 =) 10
' - ! el
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Y o ©at e 1
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i . el
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. 1o |
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....... o
..... 15
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B O O i
P
crinan? £ -27
] wX= TErrar -
e K= TError . C e
P Ny ‘ ' _ - Lo - .
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S 3 A
T oo SR C wn -
caald L Econ??.??.fh??f?v,,mtk%f..,c.,,.if;n“;_
.15 - = vewel = 1 1 I
e en 1B . P e el A ] e .
N . . 1.&: Yo e w e omow i} - 1 —— T
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...... 7 1 %]
P, D 43 -
...... = ¥ o )
.. 10 -
..... i1 N 1 . o
21 -
. o
..... 1
. 15
..... 16 5
..... 17
..... 15
..... 1

¢

.I've deliberatly put in a copy of a Spreadsheet with an "Error?"

statement in it, to show what a Spreadsheet looks like with this

such ‘command in it. The Spreadsheet has got this coamand in it, not
because of the two letters in instead of mumbers, but because I only
programmed this 3preadsheet tc find what 2x was by multiplying x by 2.
In this case this cannot be done because we haven't got an x to maltiply
2 with, therefore the computer shows up the "Error?”’statement.

NB. On the BBC Computer neiwork, to get a Spreadsheet printed out you:
(1) Pressed "23CARI".

(2) Then you type in -
*FX5,4 : -
(3)

Then you pressed the "RETURN" kay.
(4) Then you typed in '
(5)

*FX6,0 : ; - V w
Then finally you typed in the "PRINT" command and away you'd go! S

On the next page is another typed 3Spreadsheet, this tine showing

exactly what commands I put Into my Spreadsheet To gzet ay solved .

Simultaneous Zauations., : g




SLOT A1
CONTENTS = #4{#

L

A“'ll‘.'..’...-...l.B.'..‘.l'.-I..'......C....'....‘...I......D

A1 B1
A2 - B2

At*B2 B1*B2
A2+%D1 _ B2*381

AS-A4
oem

O OO =1 O B D -

-
o

\\-/'
-l
b

Y=

-t ol s b el omb b
O -3 O W o W N

R s

c1
c2

C1#*B2
C2*B1

c564 | SRR
((ca=c5)/(aa-a5) )2 -
(84-05)/(a4-25) - <.

(c1-A1%C9)/B1

There are, of course, other ways to solve these Zquations, BUT YU
MIST ALWAYS RsMEMBER AND USE THE GENIRAL RULE:-

ax+h=c

e
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(1)

(2)

(1)

(2)

(3)

(4)

Page 13

The Cons Of The Spreadsheet. - e

You have to have a Disc-Drive and of course a Disc program.
This might mean additional expense to a user,

'For the first time user entering the values etc. and taking out
any wrongly put in values could be difficult. This is bkecauss,
or at least on Viewsheet, to enter values etc. you have to.make
sure that the cursor is in the right place, then write your
value in and then press "RETURN" to get the value onpo the sheet,
If your cursor hasn't been moved to the right spot,by using the
function keys, then your value could go into a spot that you
didn't want it to go into, so0 causing more confusment. Thig is

also similar for the removal of values which have been wrongly
entered.

A

The Pros Of The Spreadsheet.,

Once you have placed the right formulars in the right Places‘”‘

then all you have to do to work out ancther sum of the same sort -~

then all you do is to change your variable values at the top the
Screen and the computer will work out the answer to your sum
using the formulas still in the Spreadsheet slots,

It is quicker than the Basic Program because as you enter your
different values, the Spreadsheet is already working out the
answer using the new variables, : )

To print out while using the Spreadsheet is easier than printing
out while using a Basic Program, :

The Spreadsheet is clearer and is neater, lay-out wise.Therefore

you can read your answers easier and quicker and, therefore, more
efficiently.

Wl

if i
1



(1)
)
(3)

(4)

(1)

(2)

Page 1H

The Cons Of The Basio Program. o e

You have to have some knowledge of the Basic language. If
you don't have this xnowledge, then you have to be prepared
to look up any relivent information about programming and the
language which you are using.

You also have to be prepared to have to write your program

out quite a few times as it is only for the experienced to get

a program right first time, Dry-runs, flow—charts and objeotive
lists are all good ideas to use when trying to write a program.

As well as this time consuming element, your program might not
always carry cut ever task whioh you had hoped it might.
Therefore, it is back to the drawing board,as it wers!

Unless specially writen into the program, the results to J
your program might not be very well set out. - B

_ \ .

The Pros Of The Basic Program. ' L

Once of course, and presuming that you have of course got a

conputer, you do not need to buy a special program, like that
of the Spreadsheet. This is very convienient, of course,

All you have to do when you.want to enter some new values is to
press or type in the "RUN" command and the program is quicker
to be re-run than the Spreadsheet, because you only have to type
in the one command, and not have io alter a whole couple of" 11nes‘
of figures, as on the Spreadsheet.
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MY OPINION AND PREFERENCE OF THE TWO.

For mathermatical problems there is no doubt that I prefer the
Spreadsheet, for both its olearence of display, its ability to

solve problems quickly and olearly, and the way the formilae in R 'f“_j
the slot where the cursor is is shown on the screen, i

However, having said that I also enjoy using the Basic Program.

I find it very intreguing the way you have to get exactly the N |
order and combination of words before the progran will work properly. T
I think therefore that the Basic language and program might be o
more benificial to a person designing Graphics, because while working '
on one program to illustrate one thing, in an error he might come \
across a new and better idea to illustrate the same thing, |

waever as each persans point of view I shall leave you to think o -
over your own thoughts on this matter, and hope\that the work contained =
in this project might be of some assistance, -




 THANKS !
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APFENDIX G

DATA REPRESENTATION IN COMPUTERS

The availability of high powered low cost computers will a_lter the school

curricufum. Computers wili introduce new ways of doing traditional school tasks

and also introduce new tasks for the school curriculum to cope with. A whole new
world has opened up with the new discipline in computer studies. It adds variety

to the school curriculum and relates theory to practice in a variety of ways.
Computers can offer mathematics a rich source of topics. Computers use number
systems other than base 10 extensively. The various number systems erpployed and
the method of storing and representing data can be a source of mathematical

activities in an integrated computer studies package.

Binary System
Digital computers are designed to cérry one of two possible signals, either a
high or low voltage, which can be adegquately represented by the digits 1 and 0.
Memory exists as the state of a device known as a ‘flip-flop’. The flip-flop can
be in one of two states, flipped or flopped, depending on the last voltage
received, high or low. Programs are at one level nothing more than a sequence of
signals made up of high and low voltages, or 1's and 0's. A string of 1's and
0's called BITS (Binary DigiTSj can be very confusing so they are {freated in
groups.
Four bits make one NIBBLE and two nibbles make a BYTE.

4 BITS =1NIBBLE

2 NIBBLES = 1 BYTE

8BITS =1BYTE

G1



Byte

Most personal computers are designed with the smallest addressable unit of
memory capable of storing eight bits( = 1 byte). A byte can represent quite
different things, depending on what the computer expects at a particular
.!ocation. A byte can be used to represent a number, a character, a logical value

or to name a location in memory. It can also represent operations.

Numbers _

Computers do arithmetic in the binary system. Numbers entered are translated

into binary form before being processed. To make life a little easier other

systems are employed by different types of computers. Other systems include base
8 {(octal system) and base 16 (hexadecimal system). Numbers written in octal form
are prefixed with &, and hexadecimal numbers are prefixed with H e.g. the

decimal number 17 is written as &21 in octal system and H11 in hexadecimal. The
hexadecimal system uses the alphabet letters A,B.C.D.E and F to represent values

10,11,12,13,14 and 15. The digits available are 1,2,3,4,5,6,7,8,9,AB,CD.EF.

Charactefs

Letters, punctuation marks and other symbols like those representing numbers are
also represented by bytes. There is no natural meaning attached to each digit in
the binary representations of these characters.

An industry-wide standard code for characters has been agreed and developed by
the American National Standards institute (ANSI). The code, the American
Standard Code for Information Interchange (ASCII), uses seven digits of a byte,
and the eighth is used as a check digit. TABLE G.1 (see page G.5) shows the

characters and their ASCII codeé given in Hexadecimal and Decimal form.

Locations in Memory
Memory is rated in bytes which hold a single character éode. Since computers

have large memories, the unit commonly referred to is the Kilobyte which is

G2



e.xactly 1024 bytes approximated to 1000 bytes. Memory is divided into cells each
holding a piece of information. Each cell is identified by a number. In the BBC
(British Broadcasting Corporation) microcomputer, the operating system resides
in locations starting at hexadecimai FF00 up to hexadecimal FFFF and the basic

language interpreter resides in locations hexadecimal 0 to hexadecimal 6F.

The Atari 800XL has memory locations labelled from number 1 {0 65536 (=FFFF in
hex). The Atari 800XL is marketed as a 64K machine, i.e. 64 x 1024 = 65536
hytes.

Operations

The 6502 Processor, employed by Apple |, Atari 800 and the Commodore Pet
microcomputers, has an operation binary code of '1000 1101". When the 6502
processor encounters the code '1000 1101 it takes a value from a special memory
location called the 'accumulator’ and copies it into another designated memory
location. Numerical codes like 1000 1101’ make up the machine language of a
computer. The operation code '1000 1101’ can be simplified by converting it into

hexadecimal form which will be 8D.

Computer Instruction Format

Memory, data and operations are converted from decimal to hexadecimal in an

attempt to make reading and understanding easter. Consider the instruction:
'Place a copy of the contents of memory location 35CF (hex) into the
accumulator’

In hex thisis : AD CF35

in binary : 10101101 1100111100110101

Machine code programming is written in hex, which can be simplified further by

using an Assembler, where the above instructions will read LDA $35CF.

G3




The two parts of a typical computer instruction are:

{i) The Operation Code which informs the machine what to do. |

(iiy ~ The Data Code which informs the machine where the data to be operated
on is to be found. This is normally given as the memory location of

the data.

The two instructions AD CF35 and LDA $35CF discussed above are equivalent.

Mathematical Activities

Some mathematical activities can be derived from the codes used in the storage
and representation of data in computer memary. The transiation of numbers into
different number systems can provide exercises in basic number operations. The
use of number, character, location and operation codés can be useful in logic
exercises. Problem solving of coded messages is an entertaining mathematical
pastime. The use of computer related mathematical activities will to a certain
degree introduce computers to students who may not get a chance to experience
exposure to computer hardware. For those students who will be more involved
with computers if will provide some background knowledge of computers while
learning mathematics. Suggestions for computer mathematics without computer
hardware are dealt with in more detail in Appendix H, Computer Mathematics

Without Access To Computer Hardware.

G4



DECIMAL

32
33
34
35
36
37
38
39
40
41
42
43
44
45

BINARY

100000
100001
100010
100011
100100
100101
100110
100111

101000

101001
101010
101011
101100
101101
101110
101111
110000
110001
110010
110011
110100
110101
110110
110111
111000
111001
111010
111011
111100
111101
111110
111111
1000000
1000001
1000010
1000011
10001060
1000101
1000110
1000111
1001000
1001001
1001010
1001011
1001100
1001101
1001110
1001111
1010000
1010001
1010010
1010011
1010100
1010101
1010110
1010111
10110060
1011001

TABLE G.1

OCTAL

40

HEXADECIMAL

20
21

22

23

CHR

I

P~ 4 e s 22004 Tk

OO0 W O

M SIAHUUODOZEZIERNQHIOQEEBOQEWE®-OV I A~



TABLE G.1 (Continued)

DECIMAL BINARY OCTAL HEXADECIMAL CHR
90 1011010 132 5A z
91 1011011 133 5B [
92 1011100 134 5¢C \
93 1011101 135 5D ]
94 1011110 136 5E

95 1011111 137 5F _
96 1100000 140 60 :
97 1100001 141 61 a
98 1100010 142 62 b
99 1100011 143 63 c
100 1100100 144 64 d
101 1100101 145 65 e
102 1100110 146 66 £
103 1100111 147 67 g
104 1101000 . 150 68 h
105 1101001 151 69 i
106 1101010 152 62 3
107 1101011 153 6B k
108 1101100 154 6C 1
109 1101101 155 6D m
110 1101110 156 6E n
111 1101111 157 6F o
112 1110000 160 70 p
113 1110001 161 71 a
114 1110010 162 72 r
115 1110011 163 73 s
116 1110100 164 74 t
117 1110101 165 75 u
118 1110110 166 76 v
119 1110111 167 77 w
120 1111000 170 78 X
121 1111001 171 . 79 v
122 1111010 172 7A z
123 1111011 173 7B {
124 1111100 174 7C |
125 1111101 175 7D }
126 1111110 176 7E

127 1111111 177 7F
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APPENDIX H

COMPUTER MATHEMATICS WITHOUT ACCESS TO

COMPUTER HARDWARE

Yoong-Ming and Péng-Yee [8] refer to the teaching of computational mathematics

without access to computer facilities to emphasise the importance of numerical

answers to practical problems. They defined computational mathematics as:
T lhe compuialional aspects of those branches of mathemalics such as
slalistics, mathematical programiming, combimalorics and in particuiar
numerical analysis.”

This appendix deals with computer mathematics without access to computer

hardware. Computer mathematics in this instance are those mathematics topics

'which have a practical application in the workings of computers. In teaching

mathematics, reference can be made to its application in computer hardware, thus

preparing students who will go on to study computing at a higher level. Some of

the topics may already be taught in schools in Fiji but it is proposed here that

a definite reference be made to their application to computers. For those

students who do not intend to study computing at a higher Ievelllthey will at

least be made aware of the technology during computer mathematics lesson(s).

The appendix will suggest starting points for mathematics teachers to develop

without the need to access computer hardware.

Number Systems
Binary, Octal and Hexadecimal systems should be given emphasis in the study of
number systems because of their application in computer technology. Relevant

exercises could include:

(i) Sorting a string of 1's and 0's into groups of 4's or 8's

e.g Given 1100101100010101
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(1) sort the string into groups of 4 digits
solution : 1100 1011 0001 0101

(2) sort the string into groups of 8 digits
solution : 11001011 00010101

(i)  Evaluation of binary digits and identification of the 'Most
Significant Bit' (MSB), and the "Least Significant Bit' (LSB) in a
string of binary digits
MSB LSB
b7 b6 b5 b4 b3 b2 bl b0 bits _
2°7 2°6 2°5 274 273 2"2 2"1 270 power of 2
128 64 32 16 8 4 2 1 decimal value

(i} Investigation of the octal and hexadecimal system

decimal binary octal hexadecimal
0 0 0 $0
1 1 1 51
2 10 2 $2
3 11 3 $3
4 100 4 $4
5 101 5 55
6 110 6 $6
7 111 7 s$7
8 1000 10 ' $8
9 1001 11 59
10 1010 12 SA
11 1011 13 $B
12 1100 14 $C
13 1101 15 $D
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14 1110 16 SE
15 1111 17 SF
(iv}  Conversion of a number from binary to octal
e.g. convert 1100 1010 10601 1111 1011 into Octal
solution: separate the string into groups of three bits
11 001 010 106 111 111 011
give decimal values (0-7) to each group:

3 1 2 4 7 7 3
11 o001 016 100 111 111 o011

answer 3124773 octal = 1100 1010 1001 1111 1011

(v}  Conversion of binary to hexadecimal
e.g convert 1000100110106011 into hexadecimai
solution: separate string inte groups of four bits
1000 1001 1010 0011
look up in the table the hex values of the groups of four bits

1000 1001 1010 0011
$8 $9 SA $3

answer: 1000 1001 10100011 = $89A3

(vl)  Whatis the largest number that can be represented in four bits ?
solution 1111 = 15.

Investigate five, six, seven, eight, and n bits.

Alphanumerics - the data representation of characters and numerals.

(i) The difference between say, 0101 which represents the number 5 and
0011 0101 which stand for the notation '5’. The value 0011 0101 is the
ASCIl code fof '5" as given in Table G.1in Appendix G. All alphabets

and numerals have an ASCI! code.
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(ii)

(iii)

The name Fiji can be coded in four different ways:

F 1 Jj i
1 70 105 106 105 decimal
2 106 151 152 151 octal
3. $46 $69 $6A $69 hex
4 1000110 1101001 1101010 1101001 binary

The codes for the alphabets have seven bits, which is increased to
eight bits by adding a zero at the front. The additional zero at the
front does not make any difference to the alphabet the code

represents. With eight bits, the alphabet is then represented by two

‘groups of four bits:

F - 0100 0110 i - 0110 1001 4§ - 0110 1010
$4 $6 $6 59 56 $A
$46 $69 $6a
The hexadecimal is used to make reading easier. The computer actualiy
reads the string of binary digits (bits), and treats each eight
bits(=1 byte) as representing a character. The eight bit is broken
into groups of four bits for ease of reading. When the computer

encounters the byte 61000111 it prints the letter F.

Sometimes the characters are printed in reverse on the screen (reverse
video) i.e. white letter on a black background instead of black letter
on white background. To tell the computer to print in reverse video
the leading zero bitis changedto a 1.
To print Fiji in reverse video the codes for the letters will be:
F - 11000110 i - 11101001 j - 11101010
1100 0110 1110 1001 1110 1010
$C7 SE9 $EA
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Sample pr_oblem: What is printed on the screen and how is it
- printed when the code is $C7 ?
Solution: $C7 = 1100 0111 eight bits
= 100 0111 seven bits
= F (from Table G.1)

printed in reverse because leading bit (b8} is 1.

Other topics are:

(i) unsigned binary number representation - 8 bits (1 byte)
(i) signed binary number representation - 7 bits

(i)  binary addition and subtraction

(iv)  logic operations

(v}  multiplication and division (shift operations).

The number of mathematical activities which can be derived from computer studies -
is enormous, and they can be tackled up to a cettain level in schools without

the access to hardware. .

The exercises which can be developed by the starters given here should involve
the class in talking about computers. It affords an opportunity to do some

groundwork on computers and at the same time practise problem soiving.
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APPENDIX |

A PREPARATORY COURSE OUTLINE IN THE USE OF THE ELECTRONIC
SPREADSHEET FOR MATHEMATICS LEARNING

This is a course outline to prepare students in Fiji in the use of the

Electronic Spreadsheet for mathematics learning. 1t is assumed that students
have no previous knowledge of the spreadsheet and the outline is the result of
the author’'s experience in a secondary school in Leicestershire investigating

the use of the spreadsheet. With previous experience in Fiji, the author
recognises the different standards that exist between students in Leicestershire
and students in Fiji. The lack of technical experience of the students in Fiji

needs to be reflected in the level of materials in a first course of this kind.

The outline is designed around the Atari ST microcomputer and the spreadsheet

SwiftCalc.

Topics

1 Introduction

A ph'ysical description of the hardware and identification of the various
functions is a necessity for a technical introduction. This will include things

like connecting up the system, switching on of the display screen and keyboard,
and what to expect if all is right. Safety precaution against electric shock and

damage to equipment need to be emphasised.

2 Operating the Atari ST:
loading a disk into the disk drive
manipulaﬁng the mouse
reading the desktop display of the screen

closing and opening windows and files




loading programs.
3 Reading SwiftCalc Spreadsheet
Load the spreadsheet and identify the items on display,
4 |dentification of Cells |
This can be done quite satistactorily with squared paper first before using the
machinec - - .. .. - Note the use of alphabets to label columns and numbers
for rows. Cell locations are labelled with the column{alphabet) fifst then the

row number e.g. B3, W12 etc.

5 Data entry
Examples from tables, shopping lists, class lists, elc can be entered into the
spreadsheet. Names can be shortened to fit into the cell. Emphasise the

difference between Labels and Numerals,

6 Formulating Formulas

Using cell locations as variables when making formulas is an important concept

in working with the spreadsheet. The spreadsheet makes the concept of variable
gasier to grasp by displaying the value of Fthe variable in its location. For

example if A3=4, A5=8 and A7=A3+A5 the spreads'heet will display the values 4,6
and 10 in their respective cell locations. When asked what is the value of A3+A5
the student can look in location A7, or look in locations A3 and A5 and do some
mental arithmetic. The visual image of the value of variables is an advantage of

the spreadsheet.

The above topics, which were found necessary during the work done at OLC school,
should provide encugh background to enable some beneficial use of the
spreadsheet. Other advanced topics include Copying and Graphics. Other
mathematical functions such as exponentials, square roots, minimum values are

also available.




APPENDIX J

MICROBASED TEACHING METHODS PROJECT

The project was one of many responses to the many problems that resulted from
the introduction of computers i‘n schools in Fiji in 1984.

The basic idea behind the project was to explore how to begin to use the new

technology that, as far as teachers were concerned, had been thrust upon them

without any preparation or warning.

- Teachers had shown an interest and acceptance of the new technology but th_ere
was a total lack of basic knowledgefof the technology amongst teachers in
general. / |

Based at USP and organised by the author, who realised the lack of any official
coordinating body, a proposal was put to the United States Agency for

International Development, which kindly agreed to fund the project.

Aims of Project

The aims of the project were twofold.

(i) First was to raise the level of computer awareness of teachers in the
'pilot’ group to help their respective schools to assess their
requirements in computer education.

(il Secondly, once a sufficient level of expertise had been reached a
selection of computer based packages would be tested to determine
their suitability for local conditions.

The results obtained may suggest modifications that could be made to existing

material or could point to new packages which needed to be developed.

Project Equipment
The project purchased 4 units of microcomputer hardware each made up of:

1 Atari 800XL microcomputer
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1 Video display unit
1 Disk Drive
A graphics printer was aiso purchased to supplement the 4 units.
The available hardware in Fiji at the time included Apple [I's, Atari 800XL's
and Commodore 64’s. Atari was chosen mainly for its price and graphics
capabilities. The Atari 800XL also has a video output which was compatible with

the video input of the TV screen providing a sharper display of computer output.

Participating Schools

Three schools, two primary and one secondary, were involved in the

project that began in late 1984 with one teacher from each of the participating
schools attending a familiarisation course on the hardware held at the

University of the South Pacific(USP) mathematics department. This was cond.ucted
three hours a week at times suitable to all involved. The one secondary school
teacher in the group had some previous experience of computers, the two primary

school teachers had no computing skills at all.

The Project .

The familiarisation course was held during school term time and there were
problems regarding the release of teachers from schools to come to USP to attend
classes.

Computing was seen as non-examinable and headteachers were not keen to release
teachers for activities that had no direct connection with the syllabus as laid

down by the Ministry 61 Education.

The teachers involved were able to persuade the heads of their schools {o let
them go during their free periods. The project was inifially intended to

involve four schools but the problem of time off for teachers, discussed during
preliminary talks, forced one of the schools to drop out.

The three schools in the project are all located near to USP and travelling did
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not present any problem.
The tamiliarisation course topics included:
() Hardware requirements for a basic system and their functions-

input/output units, central processing unit
(i Connecting up the various components of the system and switching on
(iii) System commands: load, run, list etc.
(iv)  Editing facilities
(V) Disk Operating System
(vi)  Simple trouble shooting.
In December, when schools broke up for the long Christmas holidays, the teachers
had gained enough knowledge of computers to enable them to operate the system.
The next activity was, given our limited kno_wledge, to consider the best way to
use the microcomputer in class.
The two primary school teachers chose to use Logoe in their first attempt in
using the microcomputer in class,
The secondary school teacher opted for a tutorial chemistry program written in
Basic for use on the BBC microcomputer.
The secondary teacher who was able o write programs in Basic decided to do the
conversion of the program from BBC Basic to Atari Basic.
The chemistry program for the secondary school requires the uset/ student to
identify a chemical, after the program outputs the chemical reaction to a test
input by the userfstudent. The student can input any number of tests before
attempting to identify the chemical.
The primary school teachers decided to use Logo worksheet and found them of
great value in their teaching and for their children.
The worksheets aim to teach pupils Turtle Graphics commands and in the process
invalve them in mathematical activities. The activities included verbalising,

writing, skefching and thinking mathematical concepts. -
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The choice of using Logo with primary schools mathematics was an appropriate one
due to the visual representation offered by the turtle. Primary school pupils '
could see something happening as a result of their inputs. They were not asked
only to exercise their mental powers to appreciate the result of their inputs,

their sense of vision also contributed to the motivation. This is important to
encourage sustained efforts by the pupils.

The worksheets required pupils to 'think’ mathematics, and allow them to express
mathematics with words and diagrams. |

In the worksheets they are asked to type in turtle commands and observe the
results on the screen. The pupils then copy the diagram from screens on to their
books.

The Logo {anguage enables pupils to work in direct mode and immediately see the
results of their inputs.

Learning by trial and error is intensified and problem solving exercises

increase.

The L.ogo language encouraged investigations and discoveries and pupils’

enjoyment was evident.

Conclusion

The first objective was achieved to a certain degree. The three teachers
involved in the project were, af the end of 1985, in a better position then to
assess their school's computing needs.

The second objective of testing computer packages was not successiul in that
there were no software packages to test. Instead the objective of producing
computer material for use in the classroom was achieved. |

As there were no palckagés available the project looked at the possibility of
writing wofksheets for use in schools. This was quite successful and more wark

in this area is anticipated.
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The ‘project was also successful in that it highlighted some problems that
schools encounter during the early period of introducing computers in the
curriculum. There is always opposition to new ideas but opposition encountered
by the project was due to lack of official recognition. Even though governmenf
was in support of computers in schools it was not going far enough to allow time
off for teachers to train in the new technology. The schools had to squeeze the
use of computers in at the end of some extra curricula acti\)ities or during the
funch hour. It is hoped that government will remedy this state of affairs and

make definite legislation on the role of computers in the classroom.
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